Clay and other 

fillers, added to paper while 

it is in the watery pulp stage, 

create coated stocks used for 

superior printing, fine color reproduction and 
quality writing papers. Dependable Wilfley 
Sand Pumps handle clay and starch 
slurries, lime solutions and other abrasive 
mixtures efficiently and economically . . . 
deliver continuous, trouble-free performance 
without attention. 


Individual Engineering on Every Application 
A. R. WILFLEY and SONS INC. 


DENVER, COLORADO, U.S.A. 
NEW YORK OFFICE: 1775 BROADWAY, 
NEW YORK CITY 
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Radiating rock bolts mean more to the mining industry than an interesting pattern for 
Cover Artist Herb McClure. J. L. Humphrey in the article beginning on page 49! points 
out that proper application means lower costs with much greater safety than timber sets. 
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PERSONNEL 


T ME tollowing employment items are made 
available to AIME members on a non- 
profit basis by the Engineering Societies Per- 
sonnel Service Inc., operating in cooperation 
with the Four Founder Societies. Local offices 
of the Personne! Service are at 8 W. 40th St., 
New York 18; |00 Farnsworth Ave, Detroit; 
57 Post St., Sem Francisco; 84 E. Randolph St., 
Chicago 1. Applicants should address all mail 
to the proper key numbers in care of the 
New York office and include 6c in stamps 
for forwarding and returning application. The 
applicant agrees, if placed in a position by 
means of the Service, to poy the placement 
fee listed by the Service. AIME members may 
secure © weekly bulletin of positions avail- 
able for $3.50 a quarter, $12 a year 


MEN AVAILABLE 


Mining Engineer, graduate, 29, 
single. Three years Latin American 
experience, modern equipment. Flu- 
ent Spanish. Presently located in 
South America; available reasonable 
notice, M-265. 


Mining Engineer, 30, single, grad- 
uate engineer, pilot’s license. Three 
years experience open pit and under- 
ground mining. Two years experi- 
ence with Army Engineering Re- 
search and Development Labora- 
tories concerning best steels and 


All replies confidential. 
Box 3-E AIME 


MINING ENGINEER 


Excellent position with well-established mining and chemical 
manufacturing concern. The Mining Engineer will be a member 
of a central engineering staff and will function as an internal | 
consultant working with a variety of mining problems. Will be 
headquartered in Midwest with reasonable travel to mining | 
| properties throughout U. S. Salary open — in five figure 

| bracket, commensurate with background and experience. | 


Should have five or more years varied mining engineerin 
perience. Age 30-40. Undergraduate degree in Mining 
neering. Send detailed resume including salary progression. 


29 West 39th St., New York 18 


ex- 
ngi- || 


facings for heavy equipment cutting 
edges. Some managing experience. 
Desires position with small company 
in Denver area or Northwest. M-266. 

Geologist and Mineralogist, M.S. 
degree Eastern University. Experi- 
enced in petrography and mineral- 
ogy. Desires employment in miner- 
alogy, petrography, and X-ray crys- 
tallography. M-267. 


POSITIONS OPEN 


Ore Dressing Engineer, 25 to 35, 
preferably B.S. in mining, in com- 
mercial laboratory, to assist in plant 
design, cost estimation, and engi- 
neering controls. Excellent opportu- 


Box 2-E AIME 


CHIEF GEOLOGIST 


Outstanding opportunity with nationally known mining and 
chemical manufacturing concern. The Chief Geologist will be 
a member of a central engineering staff and will be responsible 
for planning and coordinating a comprehensive program of 
minerals exploration and development. Will be headquartered 
in Midwest with reasonable travel throughout U. S. 
commensurate with background and experience. 
Should have experience directing field pr 
with latest exploration techniques 
degree in geology or mining geology preferred. Send detailed 
resume including salary progression. All replies confidential. 
29 West 39th St., New York 18 


Salary 


rams and be familiar 
Age 35-50. Undergraduate 


CONTRACT CORE DRILLING 


EXPLORATION 


FOR MINERAL DEPOSITS 
INCLUDING URANIUM & LIMESTONE — ANYWHERE 


FOUNDATION TEST BORING + GROUT HOLE DRILLING 


Skilled crews and complete stock of core drills 
and accessory equipment maintained at all times 


Core Drill Contractors for more than 60 years 


Contract Core Drill Division 


MICHIGAN CITY, INDIANA 
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nity to grow with progressive or- 
ganization. Salary open. Headquar- 
ters, Florida. W2779. 

Engineers. (a) Mine Superinten- 
dent, (b) Mill Superintendent, for 
tungsten operation in Brazil. Prefer 
applicants who speak and write 
either Portuguese or Spanish. F3131. 

Shaft Engineer, for shaft sinking. 
Salary, $6500 a year. Location, New 
Jersey. W3118(a). 

Assistant Superintendent, graduate 
mining engineer with flotation and 
open pit mining experience. Salary 
open. Location, southeastern U. S. 
W3096. 

Mining Engineer, 30 to 40, with 
five to ten years experience in lay- 
out work for development and ex- 
ploration on stope nonmetallic min- 
ing. Salary open. Location, upstate 
New York. W2748. 

Assistant Superintendent, graduate 
mining engineer, who has had flota- 
tion and open pit mining experience. 
Salary open. Location, Southeastern 
U. S. W3096. 


Field Diamond Driller, minimum 
of eight years experience in all types 
of drilling. Prefer single man. Part- 
nership considered. Good salary and 
participation of profits. Transporta- 
tion paid. Location, Peru. F3061. 


Immediate opening on sales staff of inter- 
nationally known manufacturer of tunnel- 
ing machinery with headquarters in Chicago 
Prefer graduate engineer of some experi- 
ence with tunnel contractor, Willing to 
travel. Will arrange interview. Address 
replies to: 
Box AIME 


29 West 39th St. New York 18 


diversified 


MINING ENGINEER—with 
beckground in Bituminous Production 
Cost. Experience to oversee exploration, 
evaluation, layout, development and op 


eration of deep and surface mining 
Trained in Mining and Civil Engineer 
ing, Business Administration, Industrial 
Engineering and industrial Relations 
Ability to direct, organize, analyze and 
execute plans for new mines, improve 
performance. Make appraisals, economy, 
capital cost, operating and special proj 
ect reports. Abreast of lotest methods 
and machines. interested in middie or 
top echelon responsibilities in manage- 
ment-operation with large or expanding 
firm thot must geor to peak produc- 
tivity 

x 


Bo AIME 
29 West 39th St 


New York 18 
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It’s the yardage a tractor-shovel delivers per hour 
or per shift that counts, and that is why the big 
new model HO “PAYLOADER?” is outstanding. 
Its famed bucket action with Pry-out and 40° 
tip-back gets more load. It keeps more load 
(less spillage) while carrying because of the ex- 
clusive bucket cushioning . .. . it delivers more 
load. 


The model HO is the biggest and finest “PAY- 
LOADER” ever offered in all Hough’s history of 
tractor-shovel pioneering and leadership. It de- 
livers better, more reliable traction than any 
wheeled tractor shovel ever has . . . . is more 
maneuverable, faster, easier operating and easier 
riding — with or without a load. It has power 
shift (no clutching), 4-wheel power brakes and 
power steer plus proven design that assures long 
life and low maintenance. 


If you want big yardage day after day, without 
interruption, you want this big model HO. Your 
“PAYLOADER” Distributor is ready to give 
you full information. 


@ PAYLOADER’ 


THE FRANK G. HOUGH CO. LIBERTYVILLE, ILL. 


INTERNATIONAL HARVESTER 


Complete Power-Shift Transmission 
The fastest and easiest-operating —— 
transmission ever built, All shifts 
con be made instantly, on-the-go, 
under full engine speed. There's no 
slopping for a RANGE shift, there's 
no foot clutch. With the forward- 
reverse control the operator can 
“creep” the machine ot full engine 
speed, in any gear, while maintain- 
ing full bucket action... all this 
plus torque converter drive. 


Planetary Final Drives 
Rugged planetary final drives in the 
wheel hubs, plus hypeoid differentic! 
gearing, keep torque low in axles 
. prolong life of axles and all 
drive train parts. Torque-proportion- 
ing differentials assure effective trac- 
tien under slipping conditions. If one 
wheel starts to slip more power is 
delivered to the opposite wheel, 


THE FRANK G. HOUGH CO. 
916 Sunnyside Ave., Libertyville, ttl. 


Send full information on “PAYLOADER" 4-wheel-drive 
tractor-shovels. 


[_] model HO—2'/, cu. yd. [_] model HH—1'/ cw. yd. 
model HU—1 cu. yd. 

COMPANY 

sreeet 
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These six Nordberg 
10’8” by 17’ wet 
grinding Bali Mills effi- 
ciently serve a large 
Taconite reduction plant. 


ARCTIC to the EQUATOR 
An 
CH 
from the FAR EAST to CONTINENTAL EUROPE 
| 
| 
| are Industries’ choice for the efficient 
| 


reduction ORES, CEMENT and MINERALS 


MORE than half a century of progressive engi- 
neering achievement, combined with quality pro- 
duction in modern manufacturing facilities, have 
won for Nordberg a foremost position in the 
field of heavy machinery manufecture. 

This is evidenced by the universal acceptance 
which Nordberg Machinery has received by most 
of the Mining and Mineral processing industries 
throughout the world. 

Typical of this heavy machinery is the complete 
line of Nordberg Grinding Mills for raw and 
finish grinding of cement materials, the fine re- 
duction of metallic and non-metallic minerals 
and for numerous other processes where friable 
material must be comminuted to fine sizes. 

Nordberg manufactures Ball, Tube, Rod and 
Compartment Mills, of grate, overflow and pe- 
ripheral discharge types for wet or dry grinding 
service, in sizes ranging from 6 feet to 13 feet 
in diameter, and up to 50 feet in length. 

For large or small operations, you can depend on 
Nordberg Machinery to deliver maximum output at 


These two views show eight Nordberg Grind- 


ing Mills used for raw and finish grinding in lowest possible cost, Write for further information. 
the plants of a leading cement producer. Above NORDBERG MFG. CO., Milwaukee, Wis. 
is a 108” by 16’ Ball Mill and a 9’6” by 32’ Com- 
partment Mill. Below are two 10’8” by 17’ and SYMONS . . . o registered Nordberg trademark 


two 96” by 11° Ball Mills, together with two 8'6” 


by 36’ Compartment Mills. known throughout the world 


SYMONS SYMONS SYMONS VIBRATING 
GYRATORY CRUSHERS CONE CRUSHERS GRIZZLIES ond SCREENS 


SYMONS V-SCREENS NORDBERG KILNS NORDBERG DIESEL S— 


Nerdberg Mig. Co end COOLERS 10 te ever 12,000 HP. outs 


©1955, 


NEW YORK « SAN FRANEISCO DULUTH « “WASHINGTON 
TORONTO MEKIED, 0.0. © LONDON © 


| 
Fs) ‘ 
| UO ~ 
; 
= warm 
MACHINERY FOR PROCESSING ORES and INDUSTRIAL 


STANDARD OF COMPARISON AROUND THE WORLD 
AROUND: THE WORLD « STANDARD OF COMPARISON 


STANDARD OF COMPARISON AROUND THE WORLD 


COPPER-MOL ENUM-ALLOY 


SHEFFIELD STEEL 
DIVISION 


ARMCO STEEL CORPORATION 
SHEFFIELD PLANTS: HOUSTON + KANSAS CITY + TULSA 


Export Representetives: ARMGO INTERNATIONAL CORPORATION Middletown, Ohio 
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KENNEDY COMPLETE CRUSHING PLANT 
for MIAMI RIVER QUARRIES, INC. 


Now producing OVER 175 TONS per hour! 


Designed and built by KVS to meet the specifications 
of the Miami River Quarries, Inc., Sidney, Ohio, this 
complete crushing plant produces in excess of 175 
tons per hour of Limestone, crushed and screened to 
required gradation. 

KVS Equipment, operating under exposed conditions 
with perfect satisfaction, includes 30 x 42 Primary 
Jaw Crusher, 3814 “S” Gyratory Crusher, Vibrating 


Miami River Quarries, Inc., Sidney, Ohio — 175 
Ton Per Hour Kennedy Limestone Crushing Plant. 


Kennedy Limestone Crushing Plant 
Comprising 38% “S” 


Kennedy Limestone Crushing 
Plant Showing Conveyors 


Screens, Pan Feeder, Belt Conveyors, with all required 
auxiliary equipment. 

This typical Kennedy installation is like numberless 
other KVS jobs, designed and equipped to produce 
peak capacities at low operating and maintenance 
cost. Our engineering department will furnish operat- 
ing data, specification, etc., on request. 


Kennedy Limestone Crushing Plant 
Comprising 42” Pan Feeder and 
30” x 42” Jaw Crusher 


Kennedy Limestone Crushing Plant 
Comprising 30” x 42” Primary Jaw 
Crusher, Type AAA Vibrating Crusher. 

Screen and Belt Conveyor. 


Gyratory 


SEND FOR LITERATURE DESCRIBING KVS MACHINERY & EQUIPMENT. 


SAU 


MANUFACTURING & ENGINEERING CORPORATION 
TWO PARK AVENUE, NEW YORK, N.Y. © FACTORY: DANVILLE, PA. 
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Please Order These Publications 
from the Publishers 


Clays and Clay Minerals, Pro- 
ceedings of the Second National 
Conference on Clays and Clay 
Minerals, edited by Ada Swine- 
ford and Norman Plummer, 
National Academy of Sciences 
—National Research Council, 
2101 Constitution Ave., Wash- 
ington 25, D. C., Publication 
327, $4.00, 512 pp., 1954.—The 
conference was held at the Uni- 
versity of Missouri, Oct. 15 to 
17, 1953. The 36 papers are by 
64 contributors whose fields in- 
cluded geology, mineralogy, 
soil chemistry, and soil me- 
chanics, physics, colloid chem- 
istry, and ceramics. Also given 
is a detailed and annotated 
mileage guide to the diaspore 
and flint clays and to the Put- 
nam soil of Missouri, which 
were visited on a field trip. 
The atomic structure of the 
clay minerals was specially 
featured at the conference with 
particular attention to the 
chlorite and mixed-layer clay 
minerals. 


Ohio Fossils, by Auréle La Rocque 
and Mildred Fisher Marple, Ohio 
Div. of Geological Survey, Room 106, 
Orton Hall, Ohio State University, 
Columbus 10, Ohio, Bulletin 54, 97¢, 
152 pp., 1955.—An introduction to 
the paleontology of Ohio written for 
the nonprofessional. Included are 
methods of collection, preparation, 
basic concepts of the Linnaean sys- 
tem, and a nontechnical geologic 
history of the state. Main features 
of the most abundant fossils are 
illustrated in 413 line drawings. 


Chemical Engineering Processes and 
Equipment, edited by E. Molloy and 
E. Carr, George Newnes Ltd., Lon- 
don. Available in U. S. from Trans- 
atlantic Arts, Inc., Hollywood-by- 


the-Sea, Fla., $5.00, 236 pp., 1956.— 
Concise descriptions of a wide range 
of processes and equipment are pre- 
sented, supplemented in some cases 
with lists of references to more de- 
tailed information. The equipment 
dealt with includes ball and pebble 
mills, mixers, porous stainless steel 
filters, heat exchangers, film dryers, 
electrical precipitators, and auto- 
matic dust collectors. Among the 
processes covered are: vibro-agita- 
tion, tabling, magnetic separation, 
elutriation, evaporating, crystalliza- 
tion, and heavy media separation. 


Rocks and Minerals, by Richard M. 
Pearl, Everyday Handbook Series, 
Barnes & Noble Inc., 105 Fifth Ave., 
N. Y. 3, N. Y., $1.95, 275 pp., 1956.— 
Written in popular language for the 
general reader, this book offers the 
most recent knowledge about radio- 
active and fluorescent minerals, ores 
and metals, gems, meteorites, etc. 
Also included are the artificial min- 
erals, from their origin to their cur- 
rent industrial uses. Classification of 
rocks and minerals is explained as 
well as ways to recognize, collect, 
and display them. 


Minerals Yearbook, Fuels, 1953, Vol- 
ume II, by the staff of the U. S. 
Bureau of Mines, Superintendent of 
Documents, U. S. Government Print- 
ing Office, Washington 25, D. C., 
$2.25, 478 pp., 1956.—This volume is 
devoted to the mineral fuels and 
consists of chapters on each mineral- 
fuel commodity, as well as chapters 
reviewing the industry as a whole. 
There is also a statistical summary 
and a presentation on employment 
and injury. The total new energy 
supply in the U. S. in 1953 increased 
more than 1 pct over 1952. Income 
from the crude petroleum and nat- 
ural-gas industries continued to rise, 
but declined in the coal industries. 


Modern Techniques of Excavation, 
by Herbert L. Nichols, Jr., North 
Castle Books, 212 Bedford Rd., 
Greenwich, Conn., $9.00, 608 pp., 
1956.—This is the third in a practical 
series on earth-moving. The book 
provides information about the plan- 
ning and execution of dirt and rock 


EUXENITE 
MONAZITE @ 


WANTED 


Rare Earth Ores 
CONCENTRATES 


FERGUSONITE 
SAMARSKITE @ 
THORTVEITITE @ 


Tell us what you have. 


MICHIGAN CHEMICAL CORPORATION 
Rare Earths Division. Saint Louis, Michigan 


GADOLINITE 
THORITE 
XENOTIME. 
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excavation and grading projects of 
all kinds, but does not include de- 
tails of the construction and basic 
operation of equipment. Two chap- 
ters deal with financial management, 
estimating, insurance, and certain 
aspects of equipment maintenance. 
The glossary contains definitions of 
more than 1200 terms used in the 
industry. 


Technical Digests, a monthly 
publication of the Organization 
for European Economic Coop- 
eration, offers the best articles 
from more than 1000 European 
technical and industrial jour- 
nals, translated and digested. 

It is designed primarily for 
those interested in manufactur- 
ing and production. New prod- 
ucts and processes developed 
by European manufacturers are 
discussed in clear language. 
Almost all fields of industry 
are covered: ceramics, and 
glass; chemicals; corrosion, pro- 
tective coatings, and finishing 
processes; electrical engineer- 
ing and equipment; food and 
allied products; fuel, power, 
and lubricants; leather; tex- 
tiles; packaging; building, etc. 

Additional information and 
subscriptions may be obtained 
by writing the O.E.E.C. Mission 
Publications Office, 2000 P 
Street, N.W., Washington 6. 
Rates are $24. a year or $2.50 
per copy. 


Analyse der Metalle, Volume III Pro- 
benahme, Springer-Verlag, Berlin, 
DM45, 452 pp. 1956.—The first section 
of this manual on the sampling of 
ores, metals, fuels, and other metal- 
lurgically important materials, deals 
with the fundamentals of sampling, 
the necessary apparatus, and stand- 
ard procedures. The second section 
gives detailed information on the 
sampling of some 50 metals and 
metalloids from their ores to the 
finished product. It also contains 
facts about a number of fuels, re- 
fractories, fluxes, etc. The biblio- 
graphy covers the pertinent litera- 
ture from 1860 to 1954. 


Basic Procedures of Diamond and 
Shot Core Drilling, Acker Drill Co. 
Inc., Scranton, Pa., $1.00, 35 pp., 
1956.—Though written in nontech- 
nical language, this manual is based 
on much research and operational 
data on both diamond and shot core 
drilling. Chapters detail setting up 
the core drill, driving the casing, 
hints for successful drilling, etc. 


The Analysis of Minerals and Ores 
of the Rarer Elements, by W. R. 
Schoeller and A. R. Powell, Haf- 
ner Publishing Company, 31 East 
10th Street, N. Y. 3, N. Y., $9.75, 408 
pp. 3rd edition, 1955.—General in- 
formation on methods and apparatus, 


(Continued on page 458) 
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Eimce Agidisc in Canada. Note 
the absence of scraper blades. 


HIGHER TONNAGES WITH EIMCO AGIDISC FILTERS 


Eimco Agidisc filters work continuously and produce 
higher tonnages because Agidiscs keep the slurry agi- 
tated to optimum density throughout the tank. 


The Eimco Agidise produces a cake that is uniform 
in thickness over its entire surface, a cake with uni- 
form dryness and has an even distribution of particle 
size. These characteristics have made it possible for 
one metallurgical plant to reduce the number of filters 
contemplated by one half. In another plant on a 
concentrate, the work done previously by seven filters 
is now done by four Agidiscs, and in another, one 
fourth the space occupied by four drum filters (unable 
to handle the flow) is now occupied by two Eimco 


Agidiscs which handle the entire flow working about 
two-thirds capacity. 

In addition to the tonnage, dryness and space 
advantages, Eimco Agidiscs can be equipped with 
snap blow for most applications. Note snap blow 
connection in valve of tilter shown above and effect 
on cake (inset). The addition of this cake discharge 
attachment breaks the cake free of the filter media, 
prevents blinding in most cases, eliminates scrapers 
and increases the life of the media. 

Eimco engineers will welcome an opportunity to 
demonstrate the increased savings in your plant 


through the use of Agidisc filters. Write for complete 
information. 
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and discussions of mineralogical, 
qualitative, and complete chemical 
analyses precede the main part of 
this book, which consists of separate 
chapters devoted to the analysis of 
each element. Usually given for each, 
are minerals, properties, compounds, 
methods of separation and determin- 
ation, and methods of detection in 
minerals. Such new methods as 
chromatography for uranium, sol- 
vent extraction for scandium, and 
spectrophotometry for the rare 
earths have been included in this 
edition, A number of chapters have 
been revised or rewritten. 


ORDER THE FOLLOWING 
BOOKS THROUGH AIME— 
Address Irene K. Sharp, Book 
Dept. Ten percent discount 
given whenever possible. 


The Technology of Cement and Con- 
crete: Volume I, Concrete Materials, 
by Robert F. Blanks and Henry L. 
Kennedy, John Wiley & Sons Inc., 
$11.00, 422 pp., 1955.—Known facts 
about materials used in making con- 
crete and an examination of their 
concrete-making qualities are given. 
With special attention to Portland ce- 
ment, the authors have divided this 
volume into two sections. The first 
deals with Portland cements and 
their manufacture, pozzolanic ce- 
ments, other hydraulic cements, and 
additions and admixtures. The sec- 
tion covering concrete aggregate 
materials includes: geology and pet- 
rology of concrete aggregates; ef- 
fect of aggregate properties on 
concrete; prospecting, exploration, 
sampling, and testing for concrete 
aggregates. Volume II, now in prep- 
aration, will deal with the most ef- 
fective combinations of concrete ma- 
terials as well as the properties and 
uses of resulting concrete. 


Microscopic Petrography by E. Wm. 
Heinrich, McGraw-Hill Book Co. 
Inc., $6.50, 296 pp., 1956.—-This book 
in the Geological Sciences Series, 
McGraw-Hill, is designed for prac- 
ticing geologists, particularly in the 
mining industries, and students of 
geology and mineralogy. It offers a 
complete treatment of the micro- 
scopic investigation of igneous, sedi- 
mentary, and metamorphic rocks, 
Information about each rock de- 
scribed is given under various sub- 
headings: definition, mineralogy, 
textures and microstructures, oc- 
currence, and derivation, Other topics 
discussed are the use of insoluble 
residues from both carbonate and 
evaporite rocks, the use of heavy 
detrital minerals from clastic sedi- 
mentary rocks, and evaporite rocks. 
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The Metallurgy of Zirconium, edited 
by Benjamin Lustman and Frank 
Kerze, Jr.. McGraw-Hill Book Co. 
Inc., Div. VIL, vol. 4, National Nuclear 
Energy Series, $10.00, 776 pp., 1956.— 
More than 50 specialists have pre- 
pared this book which is a complete 
report on the present state of zir- 
conium, covering occurrence, reduc- 
tion, refining, properties, fabrication, 
and uses. It will be of interest to 
research and operating engineers 
concerned with plants handling zir- 
conium and its alloys. An outgrowth 
of the AEC and the U.S. Navy’s ef- 
fort to use atomic energy for marine 
propulsion, the book is particularly 
strong in its treatment of such topics 
as corrosion properties of zirconium, 
fabrication techniques, and the io- 
dide method of refining. 


Economic Geography of Industrial 
Materials, edited by Albert S. Carl- 
son, Reinhold Publishing Corp., 
$12.50, 494 pp., 1956.—Top experts in 
a wide range of key industries have 
contributed chapters to make this 
new handbook one that answers a 
great many perplexing problems 
facing industry today. Each chapter 
contains maps, tables, charts and 
statistics and describes the economic- 
geographic conditions necessary for 
profitable production. Among the 
factors discussed are location, cli- 
mate, soil, topography, water re- 
sources, minerals, fuels, labor, capi- 
tal, management, and transportation. 
These are also evaluated to show 
profitable trends and conditions at 
present and in the future. 


Proven Performance... 
Quality Built... 


versatile, 


rugged 


100% Self-Contained 
GASOLINE HAMMER 


ROCK DRILL 
The Syntron Rock Drill is the most efficient, economical tool yet developed for 


prospect drilling, formation testing, blast holes etc. Drilling at speeds up to 
2 feet per minute, cleaning holes down to 13 feet saves time and labor. 


The Syntron Rock Drill is a versatile, rugged, one-man operation. Easily port- 
able over rough terrain—requires no auxiliary equipment. A complete drilling 


outfit for the very lowest cost. 
Write for Catalogue data — FREE 


Other SYNTRON Equipment of proven dependable QUALITY 


FEEDER MACHINES 


SHAFT SEALS 


on 


VIBRATORY FEEDERS 


Write for Tool Catalogue Data — Free 


 SYNTRON COMPANY 


554 Lexington Ave. . 


Homer City, Penna. 
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TWO NEW THOR SINKERS 


for wet or dry operation 


MODEL 37 THOR SINKER. In the 45 Ib. class, this new all- 
purpose Thor Sinker makes fast work of drilling holes up 
to 12 feet deep in soft to medium rock. New features 
include a renewable bronze bushing in cylinder front bear- 
ing and a renewable chuck driver nut. Chuck is press-fitted 
into chuck driver, a construction permitting replacement 
of parts subject to wear. 

This new Thor Sinker can be used with Thor Sinker Leg 
or Thor Guide Shell for drifting, especially with carbide 
bits, and with Thor Raiser for stoping operations. 


MODEL 77 THOR SINKER. In the 55 Ib. class, this new 
heavy duty Thor Sinker is designed for drilling holes up 
to 20 feet deep in hardest rock. New features include a 
yoke type latch retainer which locks in fixed position for 
safety in pulling steele when used with Thor Sinker Legs. 
Renewable bronze bushing in cylinder front bearing and a 
bronze chuck driver nut assure longer wear. 

Equals performance of the famous Thor No. 75, heavy 
duty Sinker. Ask your Thor distributor for a demonstra- 
tion. Thor Power Tool Company, Aurora, Illinois. 


THOR POWER TOOL COMPANY 
Branches in all principal cities 
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TOOLS 


Traylor’s Long Experience 
Building Gyratory Crushers 


is Your Short Cut to Profits 


More than a half-century of The proven production ability of a TC is due mainly 

to the unique design of its bell head and curved 

concaves. The design of Traylor original curved 

outstanding design features crushing surfaces utilizes the full force of the power 

of a Traylor TC Gyratory applied to quickly crush the material as it enters the 

Crusher. crushing chamber. And, because each zone in the 
crushing chamber has greater capacity than the 
preceding zone, choking seldom occurs. 


experience is reflected in the 


With these factors combining to eliminate power 
waste and to assure continuous high output, a Traylor 
TC is your shortcut to profitable crusher operation. 


Traylor TC Gyratory Crushers are built in 
seven sizes with feed openings from 20” to 60”... 
capacities range from 155 to 4000 tons per hour. 
Bulletin #126 gives full engineering details. A 
copy is yours on request. 


GYRATORY 
TRAYLOR ENGINEERING & MFG. CO. 
CRUSHERS 
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Tough Digging in Confined Areas 


These features permit the Eimco 
105 to work in many places such 
as narrow ditch digging, tunnels, 


Eimco 105 Tractor Excavators 
can work efficiently in small areas 
because of their built in features. 


water channels, mines, railroad 
cuts, highway widening jobs and 
numerous others including base- 
ment excavation as shown above. 


The Eimco 105 features include: 
(1) Independent track control so 
that one track can be run forward 
while the other runs reverse pro- 
viding spin turns in the length of 
the machine, (2) Up front position 
of the operator for better visibility 
in confined areas, (3) Overhead 
bucket motion, to eliminate the 


necessity of turning to discharge 
the bucket, (4) Simple easy con- 
trols, two small handles are all that 
control the motion of the tractor. 
Push for forward motion and pull 
for reverse motion. 

Eimco 105 Tractor-Excavators are 
being used on construction jobs all 
over the world as well as in mines 
and quarries. These machines are 
operating longer periods at lower 
cost per yard loaded than any 
other equipment. 

Investigate the Eimco Tractor- 
Excavator — it is the world’s finest 
crawler tractor equipment. 
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Salt Lake City, Utah—U.S.A. ¢ Export Offices: Eimco Bidg., 52 South St., New York City \ 


Gardner-Denver... Serving the World's Basic Industries 


Gardner-Denver 125-foot portable at entrance to Utah uranium mine. Supplies air for drilling within the mine. 


quicker on uranium 
with Gardner-Denver quality equipment 


Whether you're in the exploration, development or produc- 
tion stage, Gardner-Denver rock drills, air compressors and 
other mining equipment can help you get the work done 
faster. Quality products, engineered by Gardner-Denver and 
proved in mining enterprises all over the world, assure the 
dogged dependability you need in out-of-the-way locations. 
Low operating and maintenance costs can stretch your 
“stake” further—increase your profits. 
Send for bulletins on Gardner-Denver portable or skid- 
mounted compressors, drilling equipment for deep test holes, 
j i j j j 48 sinker and air fee = 
sinkers, drifters, stopers, air hoists, mine car loaders. 


GARDNER - DENWER 


THE QUALITY LEADER IN COMPRESSORS, PUMPS, ROCK DRILLS AND AIR TOOLS 
FOR CONSTRUCTION, MINING, PETROLEUM AND GENERAL INDUSTRY 


Gardner-Denver Company, Quincy, Illinois 
in Canada: Gardner-Denver Company (Canada), Lid., 14 Curity Avenue, Toronto 16, Ontario 
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increase safety 
eliminate timbering 


Slot & Wedge | 
Type Bolt 


CFa&l Steel Products 
for the Mining Industry 
Grinding Balls * Grinding Rods * Wick- 


wire Rope * Mine Rails and Accessories. 
Cal-Wic industrial Screens 


Do away with old-fashioned mine 
timbering . . . increase safety and 
reduce costs at the same time... 
with CFal Rock Bolts. 


CF al Rock Bolts eliminate the need 
for cumbersome timber—give secure 
support to mine roofs and walls— 
reduce dangers of roof falls due to 
blast effect. Their use makes more 
working space available—permits 


4 


ROCK 


BOLIS 


better ventilation — increases effi- 
ciency of mine equipment and man- 
power. 

And CFal Rock Bolts themselves 
are less bulky, easy to haul, simple 
to anchor, and low in installed cost. 
Available in slot and wedge type 
and expansion shell type with Pat- 
tin D-1 shell. Write for complete 
information. 
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Twe of the twelve Dorr 


Agitetors installed at 


URANIUM 
PRODUCTION 


Closeup of one of the Tray Thickeners showing drive 
mechanism and feeding arrangement. 


AT GUNNAR 
MINES LTD. 


Three of the six Oliver String Discharge Filters. Three 
ordered. 


additional Filters have since been 
Photographs by J. Wilson, Gunnar Mines Ltd. 


One of the early Uranium producers in 
North America, Gunnar Mines Limited at 
Uranium City, Saskatchewan selected 
Dorr-Oliver-Long equipment for above and 
below ground operations from our Asso- 
ciate Company in Canada. For the leaching 
section twelve acid resisting Dorr Agitators 
are installed, each 20’ dia. by 20’ deep. For 
the neutral circuits four 3-compartment 
Dorr Tray Thickeners are used, each 50’ 
dia. by 23’ deep and two 8’6” dia. x 7 Disc 
American Filters. For final residue wash- 
ing, six Oliver String Discharge Filters are 


WORLD-WIDE RESEARCH 
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employed, each 11’ 6” x 16’ face with acid 
resisting construction. In the precipitation 
section is the first Rubber Lined Sweetland 
Filter ever built. 

Now an open pit operation, Gunnar 
plans a new shaft in the near future and has 
ordered from Dorr-Oliver-Long the front 
dump skip, cage, head sheaves and Granby 
type mine cars. 

For more information on the complete 
line of D-O equipment for the mining in- 
dustry, write to Dorr-Oliver, Stamford, 
Connecticut. 


ENGINEERING EQUIPMENT 


Gunnar. 
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A NEW ERA IN 
UNDERGROUND MECHANIZATION 


with the 
EIMCO Crawler Model 630 Series 


The Eimco 630 series has been developed, at the 
request of operators, to take numerous types of 
auxiliary equipment. 

The basic tractor unit, with the excavator attach- 
ment, has been adequately field tested. No tractor 
unit is ever subjected to rigorous field testing until 
it has an overhead loader of the Eimco type 
mounted upon its frame, No tractor unit manufac- 
turer can boast the complete stability of his equip- 
ment until this test has been satisfactorily com- 
pleted. 

Eimco 630 tractors with excavator attachments 
have proved their efficiency and dependability in 
operation in many countries, under the most diffi- 
cult conditions. Some operators have taken out 
track to convert to trackless operation. One cus- 


tomer has 16 machines installed or on order. Some 
contractors have completely changed over to 630’s 
for their loading operation. One mining man says 
“it's the greatest thing in mining equipment since 
the rotating drill.” 

For pure enthusiasm in the field, Eimco finds its 
customers the best sales people. Operators, all 
over the world who have used the Eimco 630 can 
tell you the costs, the production, the increase over 
previous months with other equipment and their 
names are available to bona fide mining people. 

Model 630’s are built of alloy cast steel through- 
out. They are equipped with heavy-duty parts just 
as all other Eimco equipment is designed and 
built. Every care has been exercised to assure the 
customer of long life in places that have been tra- 
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timbers from the bottom of the ship 


ditionally weak on ordinary crawler equipment. 
Such items as track frames, idlers, rollers, sprockets 
and track chains have been given special attention 
in design and production. 

Specia! heat treatment is another exclusive feo- 
ture of Eimco 630 parts. Each part is given the 
type of heat treatment most suited to producing 
the end result of long life in continuous operation. 

All of these factors result in a machine that will 
work longer and harder with lower maintenance 
costs and a minimum of attention. Here ore some 
of the jobs the 630 can do for you. 

The 630 as an excavator will dig in and load 
rock, sand, gravel, conglomerate, clay or other ma- 
terial at an unprecedented rate. It is built in several 
discharge heights (see specs) to provide for low 


head room or high head room and under any con- 
ditions to load the car or truck full. The excavator 
is an ideal unit for development, drawpoint load- 
ing and production from room systems. 

For extremely low head room, specify the 635 
loader which meets the overall head room require- 
ments that are under five feet. This model incor- 
porates many new features in loading equipment 
and is covered by patents and patents pending as 
are the other 630 models. The advantages of the 
635 are in fast loading and the ability to store the 
biggest part of a car load on its conveyor. It also 
provides for complete loading of long low cars in 
restricted head room areas. 

In areas where a short haul is required, it is 
many times desirable to use the 630 tractor-hopper 
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630 Tractor-Excavator 


630 Bulidozer 


WHAT IS THIS NEW ERA? 


This is the era of high productivity — of mining 
low grade ore at a profit through the use of new 
mining tools and equipment. 

Eimco’s contribution to this new era is its new 
crawler Model 630 Series machine. This is not 
an experiment, but a thoroughly field tested unit 
that is meeting with outstanding success and accept- 
ance. It gives the miner the equipment he needs 
to drill more holes, to bar down quickly and in 
safety, to load out more rock faster, even in low 
headroom, to back fill, to bulldoze, to set timbers, 
to dig, to carry, to mine pockets, to bolt roofs, to 
sink shafts and a thousand other jobs — and to do 
all these things more easily than ever before. 

This new productivity is within the reach of every 
mining operation. Eimco offers, in its Model 630 
machines, to the company crew, the contractor or 
the prospector a new, efficient and effective means 
to combat costs and increase production. 

The 630 is a heavy-duty air or electric powered 
tractor or prime mover. It is the chassis on which 
we have designed and built a host of dependable, 
highly useful machines and attachments, some of 
which are shown in the next pages. As on all of 
Eimco’s equipment, the castings are heavy alloy 
steel, the construction is heavy-duty throughout. 
The tracks on the 630 are independently controlled. 
There are no clutches, no foot levers, no gear shifts 

just two simple handles to move forward or re- 
verse for a similar motion in the machine. Twist 
the handles for a spin turn moving one track for- 
ward and the other reverse at the same time. 

It is our belief that the 630 series of Eimco ma- 
chines and equipment will make as important a 
contribution to trackless loading and mining as did 
the wheel mounted RockerShovels, which we pio- 
neered, in their field. 

Turn the page — Eimco presents the equipment 
to open a new era — at an all time low in min- 
ing costs. 

The Eimco Corporation 


President 
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630 Tractor 


630 Bulidozer 


WHAT IS THIS NEW ERA? 


This is the era of high productivity — of mining 
low grade ore at a profit through the use of new 
mining tools and equipment. 

Eimco’s contribution to this new era is its new 
crawler Model 630 Series machine. This is not 
an experiment, but a thoroughly field tested unit 
that is meeting with outstanding success and accept- 
ance. It gives the miner the equipment he needs 
to drill more holes, to bar down quickly and in 
safety, to load out more rock faster, even in low 
headroom, to back fill, to bulldoze, to set timbers, 
to dig, to carry, to mine pockets, to bolt roofs, to 
sink shafts and a thousand other jobs — and to do 
all these things more easily than ever before. 

This new productivity is within the reach of every 
mining operation. Eimco offers, in its Model 630 
machines, to the company crew, the contractor or 
the prospector a new, efficient and effective means 
to combat costs and increase production. 

The 630 is a heavy-duty air or electric powered 
tractor or prime mover. It is the chassis on which 
we have designed and built a host of dependable, 
highly useful machines and attachments, some of 
which are shown in the next pages. As on all of 
Eimco’s equipment, the castings are heavy alloy 
steel, the construction is heavy-duty throughout. 
The tracks on the 630 are independently controlled. 
There are no clutches, no foot levers, no gear shifts 

just two simple handles to move forward or re- 
verse for a similar motion in the machine. Twist 
the handles for a spin turn moving one track for- 
ward and the other reverse at the same time. 

It is our belief that the 630 series of Eimco ma- 
chines and equipment will make as important a 
contribution to trackless loading and mining as did 
the wheel mounted RockerShovels, which we pio- 
neered, in their field. 

Turn the page — Eimco presents the equipment 
to open a new era — at an all time low in min- 
ing costs. 

The Eimco Corporation 


President 


. 
* 
» 
ty 
' 
630 Tractor-Excavator 
/ 
| 
ie 
| 


— which is an excavator unit with an integral hop- 
per. This unit has been popular not only in mines 
but in smelters, chemical and pigment plants and 
many others where bulk material is to be moved 
to a hopper at floor level. The hopper on the 630 
tractor-hopper can be easily adjusted to open and 
close automatically. 

The 630 bulldozer has found an application in 
stopes where a drift has been cut in the ore and 
then widened by slicing on the wall to provide an 
open level for drilling vertical holes to drop the ore 
into drawpoints at the bottom of the stope. It has 
also been used for spreading fill waste in stopes and 
for dozing ore into the cribbed ore chute that comes 
up through the waste fill. Numerous other uses 
have been suggested for this versatile bulldozer. 


The 630 tractor as a bare unit has been found 
better than previous methods for pulling timbers, 
rails and miscellaneous supplies into the station 
from the shaft opening. Operators claim better 
control and less lost time using the 630 tractor. 

One important use for the 630 tractor-excavator 
is in shaft sinking. One operator in Virginia and one 
in Wyoming have used a new shaft sinking tech. 
nique to employ the 630 and have reported out. 
standing success. These contractors use less men in 
the bottom and practically no set up time. Both 
have been impressed with the idea that when the 
shaft is complete they have a unit that can be used 
in development or production in regular mine oper. 
ation and do not have the expense of single pur. 
pose shaft mucking equipment. 
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For operators who prefer front end loading 
equipment, the 630 front end loader is available. 
This type of loader can be used in restricted head 
room and has its application in narrow headings or 
rooms where loading is into haulage equipment 
in front of the machine or for cleanup on muck 
pushed to a location by the bulldozer. The 630 
front end loader can be used as a combination 
dozer and loader and has a place in spreading or 
placing fill. 

The 630 tractor is well adapted to the drilling 
portion of the cycle as a base for the jumbo. When 
a single machine is mounted with a short feed it 
can be employed as a “crust breaker.” This oper- 
ation is typical around pots in the aluminum indus- 
try or in breaking out consolidated slag in rever- 


beratory type furnaces. This same type of unit has 
an ideal application in “scaling.” Here the oper- 
ator can control the drill direction accurately and 
break down loose material from any location in the 
heading because of the maneuverability of the 630. 

Forklift attachments are used in the stations un- 
derground for removing and piling timbers and 
lagging from the train at desired locations, carry- 
ing to the headings or raise areas. These units can 
also be used as platforms for driving lagging be- 
tween the sets. 

The timber setter is used for lifting and setting 
the heavy timber cap in heavy ground. This unit 
saves time in getting the timber in place and re- 
duces time lost in production or development. 
For mines using “roof-bolting” instead of timber, 
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the 630 tractor provides an excellent mounting for 
roof bolting apparatus. The easy operation and 
extreme mobility of the 630 makes it ideal for this 
type of work. 

Where comparatively low head room requires the 
mobility of low equipment, the 630 tractor can be 
equipped with drill mountings and used as a jumbo. 

Two drill jumbos for the average heading, posi- 
tioned, raised, lowered or moved at any angle give 
new freedom to the miner and speed up the drill- 
ing program. 

High speed tunnels and production jobs can use 
the long base 630 tractor for mounting as many os 
four drill rigs with its separate controls for all 
movements and operated from the rear of the trac- 
tor. The four machine unit will drill out a round 


quickly and provide for maximum number of 
rounds per shift. 

For drainage ditches, sumps, and other excava- 
tion below grade and in confined spaces, the 630 
can be equipped with a back hoe with 180° swing 
for loading into cars or rubber tired havlage equip- 
ment. 

The 630 tractor-excavator combination is excel- 
lent for loading on slopes. Grades to 30% require 
no cables or other anchoring devices to operate 
efficiently. it is suggested, however, that if the 
630 tractor-excavator is being considered for slope 
operation that such information be given to the 
Eimco engineer so that the step plate ca» be modi- 
fied for the proper angle and the bucket be ad- 
justed to the proper discharge angle. 
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The various attachments shown on these pages are 
manufactured by numerous specialized equipment 
builders and no particular brand is intended to be 
reproduced in these sketches. 

Any equipment suitable for mounting on the Eimco 
630 tractor base can be shipped directly to the job. 
Manufacturers of the various attachments can provide 
adaptor plates or secure standard drilling patterns 


from Eimco so that their attachment will be easily 
mounted. 
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Height of Drawber Above Ground. 
Drawber Tongue 
Drawbar Pin (diameter) 
Air inlet — Pipe Size 
Weight Complete 
Area of Ground Contact 
(9 trackshoe) 5100 sq. em. 
Speed 0-2.4 km/hr. 
Motors (Eimeo Air or A.C. Electric) 3 
Electric Motor Rating 
Air Motor Rating 
Drawber Pull (ibs.) at 
Zero Track Slippage 10600 Ibs. 


630 LONG FRAME TRACTOR 
Overall Length se” 
630 TRACTOR-DOZER 


SPEC 
12 HP @ 90 psi 


4800 kg. 


2235mm 


630 TRACTOR-EXCAVATOR 


Overall Operating Width 58%” 
Minimum Height 
Overall Length (bucket down, std. bucket) 94” 
Minimum Length 


eu. fr. cu. meters 
9400 Ibs. 


4260 kg. 
630 TRACTOR-HOPPER 


Width of Hopper 46" 
Overall Length (bucket down) 3200mm 
Length of Tractor (with hopper) ; so” 2440mm 
Hopper Capacity 32 cu. ff. 0.9 cu meters 
Weight Complete 12000 Ibs. 5445 kg. 


635 TRACTOR-LOADER 


1385mm 


3275mm 
1525mm 

eu. moter 
2 meter 
4990 kg. 


The Eimco 630 Tractor is an air or electric 
powered prime mover that can be fitted with a 
special excavating attachment and other tools. 


This rugged, dependable machine is the 
answer to the needs of miners and contractors 
alike. The maximum of trouble-free operation 
and long-life has been built into each and every 
part of the Eimco 630 Tractor. 


Many new features and advantages in tractor 
design have been incorporated in the 630. Inde- 
pendent track control provides a pivoted turn by 
running one track forward and the other track 
reverse. This feature makes it possible to ma- 
neuver from any angle without backing to make 
@ new approach. All wearing parts are easily 
replaceable in the Eimco design. All parts are 
easily accessible for quick, easy maintenance 
work. Tracks oscillate for operation on uneven 
ground. Tracks are equipped with spring release 
to clear rocks or obstructions in the tracks. Front 
idlers are solid web type, one piece cast steel. 
Track links are heat-treated alloy-steel forgings. 
Track pads are heat-treated alloy-steel castings, 
with integral cast grousers if required. Rigid cast 
steel diagonal brace construction provides track 
alignment that stays true. Heavy shafts and over- 
sized anti-friction bearings are used throughout. 


Controls are simple. Two handles, conven- 
iently located in front of the operator, effect all 
tractor movement. 


Mounting pads are provided with suitable 
tapped holes for mounting many types of tractor 
attachments. 


All parts are carefully heat-treated for maxi- 
mum service and minimum wear. All parts are 
of heavy alloy-stee! cast or fabricated construc- 
tion for typical Eimco long-life and trouble-free 
heavy duty operation. 


Write or call the nearest Eimco Office for more 
information on the modern Eimco 630 Tractor. 


THE EIMCO CORPORATION 


EXECUTIVE OFFICES AND FACTORIES: SALT LAKE CITY 10, UTAH 


EXPORT OFFICES: EIMCO BLDG., 52 SOUTH ST., NEW YORK CITY 


BRANCH SALES AND SERVICE OFFICES: New York, N. Y., 51-52 South St. — Birmingham, Alc., 3140 Fayette Ave, — El Paso, Texas, 
Mills Bidg. — Chicago, Ill., 301 Se. Hicks Rd, Palatine — Duluth, Minn, 216 &. Superior $t. — Kellogg, idahe, 307 Division $1. — San 
Francisco, Calif, 637 Cedar St., Berkeley — London W.1, England, 190 Piccadilly — Houston, Texas, 4008 Purdue St. — Pasadena, 
Calif, 434 No, Loke Ave, — Baltimore, Md., P. ©. Box 1052 — Pittsburgh, Po., Investment Bidg. — Seattle, W Wash., 208 Hoge Bidg. 


AFFILIATED EIMCO COMPANIES; Societe Eimco, 29 Rue De Mogador, Paris 9, France — Eimco (Great Britain) Lid., Gateshead-on- 
Tyne 11, Co, Durham, England — Eimece Italia, $.7.A., Via Senate 11, Milan, italy — Eimce (South Africa) Pty. Lid., 136 Kindon 
Read, Robertsham, Johannesburg, South Africa — Eimce Canada Limited, 320 industrial Ave., Vancouver 4, 8. C., Canada. 
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3 630 TRACTOR 
ENGLISH METRIC 
Overall Height 45” 1145mm 
Track Height 28” 710mm 
Grouser Height 30mm 
Overall Width 1395mm 
Track Shoe Width (standard) . eT 230mm 
Track Gouge 1145mm 
Oscillation at Front idler 150mm 
Overall Length 71%" 1825mm 
Overall Length 2320mm 
Blade Pitch Angle Adjustment 10° 10° 
: Maximum Blede Lift 16” 405mm 
Bde Maximum Blade Dig . 180mm 
Maximum Blade Tilt 205mm 
Blade Height 26%" 680mm 
. Blade and Overall Width 62” 1575mm 
(Longer Blades Available) 
: Weight Complete 7980 Ibs. 3620 kg. 
; 
1745mm 
1510mm 
; 2845mm 
1910mm 
‘dl Maximum Digging Depth Below Grade 22” 560mm 
Head Room 6'6”".10'°7" 2030-3225mm 
Discharge Height 1145-2185mm 
: Bucket Capacity 
Weight Comp 
Overall Length (bucket down) 
Bucket Capacity 5 eu. ft. 
Weight Complete 11000 Ibs. 


costs? 


Switch to extra-tough AMSCO” MANGANESE STEEL TRACTOR SHOES 


When the going is extra tough, as 
in rocky areas or abrasive min- 
eral soils .. . tractor shoe replace- 
ment can become a major cost item. 
Both repair time and down time 
eat up profits. 


Switch to “the toughest steel 
known” . . . Amsco Manganese 
Steel ... for tracks and grouser 
bars. Check their much longer 
service life against the moderate 
extra cost. Add to this the greater 


efficiency and pulling power of 
your tractor, over a longer period 
of time. The answer: important 
operating economies. 


Amsco Manganese Steel gives 
excellent resistance to abrasion ac- 
companied by impact .. . actually 
work-hardens in use. Write for full 
information on long-wearing Amsco 
Manganese Steel Tractor Shoes 
the economical answer to high 
track-replacement costs. 


COUNTER-SUNK BOLT HOLES 


Amsco Track Shoes have holes counter- 
sunk for leas wear on bolts. Saves coat 
of replacing bolts when changing shoes. 


ARRAS CO 


American Manganese Steel 
OTHER PLANTS 


Division Chicago Heights, tl. 
IN, DENVER, LOS ANGELES, NEW CASTLE, DELAWARE, OAKLAND. BT LOUIS, JOLIETTE. QUEBEC 
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GISMO METHOD SETS NEW 


New Production Records and Drastic 
Cuts in Man-hour Costs Foreseen! 


COULD THIS BE THE BEGINNING of the “Gismo 
Age” in rock mining? One mine operator has said: 
“The Gismo is going to revolutionize rock excavation 
methods in much the same manner that large tractor 
drawn earth moving scrapers have revolutionized the 
earth moving potion, 

One new mine now being mechanized by the 
Gismo Method contemplates a production of 2,000 
tons per day at an overall! cost of about $1.00 per ton. 
Production is forecasted to be approximately 50 tons 
per man when operated on a 2,000 ton per day basis 
and 57 tons per man on a 4,000 ton basis. The deviser 
includes all men to be employed for production, surface 
and underground, including all supervisors. The above 
projection is based on results obtained over a three year 
period by this system ir a similar mine. 

An older mine, changing over to the Gismo 
Method, has increased tonnage per man-shift almost 
10 times in the stoping operations. Compared to the 
conventional method eg 1950, the Gismo Method 
has halved both development and labor costs. 

What is this equipment? It is a general purpose 
utility self-loading transport that is simple, versatile 
and built to take the punishment of rock excavation, 
No special development facilities or conditions are 
usually required, It operates in sloping ore bodies 
with irregular outlines, as well as large or relatively 
small openings. It loads in development or produc- 
tion... transports . . . supports 2 to 5 jib mounted 


drills... back fills, moves boulder rocks . . . makes its 
own roadways and cleans up completely. It can load 
and transport up to 100 tons per hour with a 300 ft. 
haul. 


It’s an extremely simple piece of equipment re- 
quiring little maintenance. The Gismo’s initial cost 
can be reasonably compared with one year’s mainte- 
nance cost alone of much of the conventional equip- 
ment in present use. 

It makes possible a mining method requiring few 
machines, few men, less planning and integration. It 
permits total mechanization of your mine—the solu- 
tion to high man-hour and materials cost. 

We urge you to compare the Gismo Method with 
other methods—from initial investment to overall 
effect on your operation's efficiency. Call, wire or 
write us today! Sanford-Day lron Works, Inc., P. O. 
Box 1511... Telephone 3-4191, Knoxville, Tennessee. 


Saujord-Day 


KNOXVILLE + TENNESSEE 
AND MINE CARS, All Types - PRECISION 
WHEELS “Brownie” 
PUMPS - Ol SPRAY SYSTEMS 


LOADING (MUCKING) -— @ one-man operation! The speed of the GISMO Self-Loading Trans- 


port can be fully appreciated and understood only when seen in actual operation. With sufficient ore and ample 
surge capacity, one GISMO as a self-loading transport and one GISMO equipped as a stope drilling jumbo will ex- 
cavate out of a hard rock face over 400 tons in a six hour working time shift. The GISMO handles boulders . . . 
sets them aside for secondary blasting . . . and does not require a bulldozer, road grader or any other accessory 


device. 


The operator has complete control of his shoveling grade—can always look directly at the dipper edge. 


The shoveling action is gentle. Carrying capacity of the GISMO shown working above is 6 tons. Other capacities 


are available. 
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DUMPING $ direct into surge pocket . . 


ramps (for development work). 


. skip pocket... 
GISMO above is dumping load into surge pocket. 


conveyor for truck loading . . . or mine cars with 
Both when mucking (loading ma- 


terial into body of GISMO) and when dumping the load, the dipper or shovel head is in position shown above. The 


surge pocket disconnects from a time cycle standpoint the next operation, 


transportation—permitting GISMO and 


the transportation system to operate independently of each other for maximum efficiency and production. 


TRAMMING: fast and highly maneuverable! 


GISMO shown above is transporting load to ao surge 
pocket. When emptied, GISMO will return to reload with 
dipper in position shown. As you can guess, the GISMO 
is a very simple machine functionally and mechanically. 
Compared to any other loading or mucking device (none 
of which are transports), the GISMO has a very large 
capacity. 


DRILLING £ the Gismo will mount 2, 3, 4 oF 


5 drills at ideal locations for the efficient drilling of small 
or large headings, benches, rib-slabbing or back-siabbing. 
The GISMO Stope Drilling Jumbo mounting four drills and 
operated by two men often averages by the month over 


400 feet per man shift. The Gismo Drill Jumbo can be 
easily converted to a Gismo Self-Loading Transport. 
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IMPOSSIBLE WITHOUT EXPLOSIVES 


The modern highway—wide and spacious with in- 
creased visibility and no cross traffic—is a tribute 
to modern construction techniques. The above sec- 
tion of U.S. 99 between Bakersfield and Los Angeles, 
California, is a good example of engineering know- 
how. Where rock was encountered, blasting crews 
with Hercules explosives took over. 


For more than forty years, Hercules has engaged 


in continuous research into the development of 
explosives materials and improved blasting tech- 
niques, Whether your requirements are for con- 
struction, mining, quarrying, seismic prospecting, 
or in other fields where explosives are needed, 
Hercules technical representatives will be glad to 
assist in the selection of the right materials for the 


most efficient job. 


HERCULES POWDER COMPANY 


Explosives Department, 955 King Street, Wilmington 99, Del. 


Birmingham, Ala.; Chicago, I.; Duluth, Minn.; Hazleton, Pa.; Joplin, Mo.; Los Angeles, 


Calif.; New York, N. Y.; Pittsburgh, Pa.; 


Salt Lake City, Utah; San Francisco, Calif 


is 
: 


The One Crusher That Is ” 


COMPLETELY ADAPTABLE 


to Changing Operating Conditions il 


yew GET MORE when you specify Allis-Chalmers — more 
tonnage, more operating economy. Only the Superior 


crusher gives you the built-in flexibility that promotes Primary and Secondory 


maximum efficiency from your entire circuit at all times. 

Capacity demands can be met by changing counter- GYRATO RY 
shaft speed and eccentric throw. Product size control 
is obtained by modifying shape of crusher chamber and RUS Ke t R 
by vertical adjustment of the mainshaft. ' 

If your Superior crusher is equipped with Hydroset : 
vertical adjustment (optional), changing crusher setting 
to compensate for wear or to vary product size is a one- 
man, one-minute operation. Hydroset control also facili- it] 
tates emptying crusher chamber in case of power failure II 
or other emergency. 

For complete information, see your A-C representative 
or write Allis-Chalmers, Industrial Equipment Division, Superior ond Hydreset ore Allis-Choimers wedemerks. 
Milwaukee 1, Wisconsin, for Bulletin 07B7870. a4909 


ALLIS-CHALMERS 


Vibrating Screen Jew Crushers Gyrotery Crushers Grinding Mills Kiins, Coolers, Dryers 
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lab and mill men agree—Dowfroth is effective with as little as one-fourth the quantity of other frothers. The metallurgical results are excellent. 


point of agreement: | Owfroth 250 most effective 


Money-saving arithmetic. One drum of Dow- 
froth 250 can equal four of other frothers on 
your ore, Dowfroth 250 also has definite uni- 
formity of properties and is readily available 
in drum or tank-cor quantities, 
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Lab metallurgist or flotation operator —both prefer DOWFROTH! 


The man in the lab—because Dow- 
froth® 250 is noncollecting, is water 
soluble and produces a clean, lively 
froth over a wide range of conditions, 
It gives him more precise control, yet 
better accommodation to test varia- 
tions, 


The man in the mill—because the 
action of Dowfroth 250 is rapid and 
under control—because Dowfroth 
gives concentrate froths that are easy 
to launder, pump and thicken— 
because Dowfroth doesn’t deteriorate 
rubber parts—is pleasant to handle. 


There’s still more to the story. Man- 


agement prefers Dowfroth 250 because 
it makes milling more profitable. 
Superior water solubility means more 
frother returned in water recovery 
systems. Dowfroth improves concen- 
trate grade and mineral recovery. 


Save money in your flotation process by 
using Dowfroth 250—and the superior 
collecting agents, Dow Xanthates. A 
new Dow product is Separan 2610®, a 
superior flocculant already popular in 
the industry. Samples of these prod- 
ucts and technical assistance are 
offered by THE DOW CHEMICAL COMPANY, 
Midland, Mich., Department OC 856M. 


you can depend on DOW CHEMICALS 
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Portable Seismograph 
W. F. Sprengnether Instrument Co. 
has a portable seismograph for re- 


cording blast vibrations. Readying 
for use requires only several min- 


utes. Unit is self-contained in a rigid 
aluminum case, 25x10x8 in., weighs 
38 lb, and requires no external con- 
nections. Manufacturer will arrange 
for the analysis of recordings if de- 
sired. Circle No. 1. 


Cutter Bits 

The U-10 bits by the Mining Tool 
Div. of Kennametal Inc. are re- 
ported to produce coarser cuttings at 
lower power cost. Originally de- 
signed for use in potash mining, they 
have also been proven in salt and 
coal operations. High wear resistance 
makes stoppages for replacement or 
spotting less frequent. Circle No. 2. 


Twin-Diesel Tractor 

LeTourneau Westinghouse Co. 
Twin-C tractor is claimed the world’s 
most powerful. Its synchronized twin 
diesels deliver a total of 416 hp and 


the 40-ton tractor moves at speeds 
up to 20 mph. It is applicable to op- 
erations otherwise requiring tandem 
pushers. Six-foot high tires take ad- 
vantage of weight and are hydro- 
inflated. Circle No, 3. 


Compressor-Rock Drill Team 

Gardner-Denver Co. has heavy- 
duty equipment for contractors, rock 
quarries and open pit mines. Their 
Rotary 900 compressor delivers 900 
cu ft of air per min and is of simple 
design, permitting easy inspection 
and maintenance. The DH143 is a 
percussion drill with a 5% in. ham- 
mer for fast penetration of hard 
rock. A selection of bit sizes from 
3% to 5 in. is available to give best 
spacing and fragmentation efficiency. 
Circle No. 4. 


Hydraulic Back-Hoe 

The Sherman Major is a power 
digger attachment for Fordson-Major 
tractors providing fast, efficient dig- 
ging through any soil. The unit, by 
Sherman Products Inc., has a 12% ft 


depth reach, a 180° arc of swing and 


a bucket lift height of over 8 ft for 
loading trucks. Circle No. 5. 


Prospecting Drill 

Hossfeld Mfg. Co. drill is powered 
by a 5-hp, 4-cy gasoline engine. 
Screw-on detachable rock bits in 
standard l-in. thread and stock sizes 
from 1% to 2% in. are used. Unit 
weighs 1300 lb with counterweights 
and can be knocked down to 100-lb 
sections in minutes. Using water to 
slush cuttings, it drills well in hard 
and soft formations, only exception 
being rock of granite hardness 
Circle No. 6. 


1850°F Furnace 


Hevi Duty Electric Co. has a large 
size automatically controlled muffle 
furnace for continuous operation to 
1850°F. Self-contained unit has all 
controls and instruments necessary 
for operation in furnace base. Heat- 
ing chamber is 11x14x8 in. Counter- 
balanced hinged door swings up- 
ward to keep hot side facing away 
from operator. Circle No. 7. 


Walking Draglines 
Page Engineering Co. has a line of 
single deck walking draglines in 


capacities from 5 to 15 cu yd. Strong- 
er, more rigid booms are featured 


and power is provided by a horizon- 
tal V-type diesel engine of new de- 
sign. Model 721 shown above has a 
125-ft boom and a 7-cu yd bucket. 
Circle No, 8. 


Equipment 
Catalog 


Washer-Screener 

Pioneer Engineering Works has a 
portable sand and gravel washing 
and screening plant designed to meet 
various needs and roadside produc- 
tion in particular. Since local condi- 
tions vary greatly, only the basic 
unit is offered as standard equip 
ment, Optional units to suit special 
needs are available. The basic unit 
consists of a three-deck gradation 
screen, a double-screw fines material 
dehydrator, an on-the-plant feeder 
conveyor, and two side delivery con- 
veyors. The plant turns out two sizes 
and oversize of gravel and one size 
of washed sand simultaneously. Cir- 
cle No. 9. 


Hand-Portable Generator 

Model 5903 by LearCal Div. of 
Lear Inc. is a lightweight auxiliary 
unit supplying either 1350 w of d-c 
power or 1500 w of 400 cycle a-c 


power Gas-driven plant is air- 
cooled, has an automatic rewind 
starter, and is equipped with a 


muffler. It weighs less than 35 Ib 
Circle No, 10, 


News and Notes 


Dorr-Oliver Inc. has acquired all 
the business and substantially all of 
the assets of Merco Centrifugal Co., 
San Francisco, in exchange for ap- 
proximately 50,000 shares of Dorr- 
Oliver common stock, Merco Centri- 
fugal Co. manufactures and sells 
centrifuges, centrifugal screens and 
strainers. Similar equipment is not 
now built or sold by Dorr-Oliver 

Galigher Co, has been appointed 
sales representative for the OCC 
Vessel Heavy Media Separator for 
the territory west of the Rocky 
Mountains and Continental Sales & 
Equipment Co. is representative for 
Minnesota, Wisconsin, and Upper 
Michigan West Winds Inc. of 
San Francisco and Keystone Engi- 
neering Co. of Los Angeles have 
been appointed as facilities for the 
repair and rebuilding of Symons 
Cone Crushers by Nordberg Mfg. Co 
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Manufacturers News | 
FILL OUT THE CARD FOR MORE INFORMATION © 
— 


see for yourself 


WHY THE WEMCO HMS DRUM 
WEAR OUT 


Operators have observed that 
a Wemco HMS Drum Separator 
has a long long life. 


The difference between this separator 
and others (that wear in a hurry) is that 
the entire Wemco Drum rotates as a 

unit. There are no moving parts inside — 


no chains, sprockets, screens, scrapers 

or sweeps to wear due to the extremely 
abrasive action of rock and medium. The 
lifters are a built-in part. In them the sink 
material stays in place until it drops out 
at top center. And even if the drum is 
shut-down fully loaded, there are no 
jamming or abrasion problems on start-up. 


The common sense in this drum design 

is another example of Wemco’s sound 
solution to mining industry problems. This 
Drum has become the most widely used 

of all HMS separatory vessels. It has helped, 
too, to make Wemco’s HMS Mobil-Mill 

the world’s most popular Heavy Media 
plant. Over 50% of all HMS plants use 
Wemco equipment. Write today and 

let us send you all the facts. 


MWEMCO. 
762-C FOLSOM STREET + SAN FRANCISCO 7, CALIF. 


Representatives in principal cities of the United States and Canada 
and in mayor countries throughout the world. 
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(21) COAL CLEANING: A 40-page 
bulletin from McNally Pittsburg 
Mfg. Corp. has photographs, dia- 
grams, and illustrations on coal 
cleaning processes. Cleaning advan- 
tages pointed to are upgrading, max- 
amum recovery, and salability of 
low-grade seams. 


(22) DRAGSCRAPERS: Sauerman 
Bros.’ catalog A covers DragScraper 
machines with details and specifica- 
tions on standard installations, rapid 
shifting scrapers, track cable ma- 
chines and tower excavators. Job 
photos and typical layouts supple- 
ment the 5-section booklet. 


(23) RUBBER PRODUCTS: Among 
the industrial rubber products listed 
in a 12-page catalog by Boston Wov- 
en Hose & Rubber Co. are belting, 
packing, tape, and hose items with 
cutaway views and photos. 


(24) ROLLER BEARINGS: A 72- 
page catalog on Shafer self-aligning 
roller bearings from Chain Belt Co. 
lists models with shaft sizes from % 
to 7 in. Revised engineering data 
and new load rating tables are in- 
cluded. 


(25) ARCHITECTURAL PROD- 
UCTS: The Stran-Steel line of arch- 
itectural products is detailed in a 24- 
page catalog by Stran-Steel Corp. 
New products listed are metal cur- 
tain wall panels and 10 and 12-in. 
joists. The steel curtains feature in- 
stallation by means of metal clips 
fastened by a hand-operated tool. 


(26) MACHINING STAINLESS 
TUBING: Folder TDC-182 from 
Babcock & Wilcox Co. furnishes in- 
formation about various machining 
operations on stainless pipe and tub- 
ing with pointers on tooling, power 
requirements, cutting oils and finish- 
ing. 

(27) HOISTS AND CAGES: Bulle- 
tin KA-5601 has information on new 
light-duty gasoline mine shaft hoists 
and cages with bottom-dump skips 
by Vulcan Iron Works Co. 


MAIL THIS CARD 


for more information on 
items described in Manu- 
facturers News and for 
bulletins and catalogs 
listed in the Free Litera- 
ture section. 


(28) RAIL CAR SWITCHERS: Le- 
Tourneau-Westinghouse Co. offers a 
bulletin entitled “SwitchMobile— 
diesel railroad switcher on rubber 
tires.” The SwitchMobile claims the 
advantage of not following rails or 
roads in making operational rounds. 


(29) MOTOR GRADERS: Intended 
as a guidebook, “When You Buy A 
Motor Grader” by Caterpillar Trac- 
tor Co. has information in non-tech- 
nical language on motor grader 


performance, operator convenience, 
operating costs. Also available in 
Spanish, French, and Portuguese. 


(30) STEEL MATTING: Two kinds 
of steel floor armor to prolong floor 
life are available from Klemp Metal 
Grating Corp. Hexsteel is designed 
for ramps, docks, aisles, highway and 
railroad bridges as well as industrial 
floors. Floorsteel, a flexible matting, 
can be used on irregular surfaces. 


(31) WATER HEATING: Wolverine 
Tube, division of Calumet & Hecla 
Inc. has a booklet on the use of Tru- 
fin W/H, an integrally finned tubing, 
in the manufacture of tankless water 


29 West 39th St. 


(32) MINING TOOLS: The Mining 
Tool Div. of Kennametal Inc. has 
new booklet M-8 on relief panel de- 
sign cutter bits; rotary drill, core and 
drag, roof, open pit and rock bits; 
pining rods; augers; drive sockets; 
adapters; grinders, and grinding 
wheels. A price list accompanies the 
brochure. 


(33) RADIOISOTOPES: Oak Ridge 
National Laboratory has issued a re- 
vised radioisotope catalog. Nearly 
100 different radioactive prepara- 
tions made and distributed by the 
laboratory are listed with specifica- 
tions and prices. Irradiation facili- 
ties, procurement procedure, ship- 
ping information, special sources, 
service or custom irradiations, neu- 
tron-activation analysis, and waste 
disposal are detailed in the catalog. 


(34) CHEMICAL BULLETINS: Cli- 
max Molybdenum Co. has a list, with 
descriptions, of currently available 
bulletins on molybdenum and mo- 
lybdenum compounds. Categories 
covered are: chemical data, agricul- 
ture, analysis, ceramics, catalysts, 
and colors. 


(35) METAL JOINING: A 16-page 
booklet on metal joining with low 
heat input is available from Eutectic 
Welding Alloys Corp. The low tem- 
perature process is claimed to mini- 
mize the residual stresses, cracking, 
warping, and distortion that may oc- 
cur with the usual materials. 


(36) EXCAVATOR DIESEL: Model 
687C-18 by P&H division of Har- 
nischfeger Corp. is a 6-cyl diesel en- 
gine for 1%, 1%, and 2-yd heavy 
duty excavators. Bulletin Z-7 details 
specifications and performance fea- 
tures. 


(37) ZEOLITE PROCESS: The ad- 
vantages found through the use of a 
hot process-hot zeolite system in a 
boiler feedwater treatment unit are 
described in a reprint article from 
Graver Water Conditioning Co. 


New York 18, N. Y. 


Not good after August 15, 1956—if mailed in U. S. or Canada. 


More Information 0) 
Price Data 
Free Literature 


on items circled. 


| 
heater coils. 
' 1 2 3 5 6 7 8 
5 6 WwW 8 
52 5 56 57 58 
66 & 63 Students should write direct to manufacturer, 


(38) INDUSTRIAL FIRE HOSE: In- 
dustrial Products Div. of B. F. Good- 
rich Co. has a 4-page illustrated data 
sheet on its line of industrial fire 
hose. A chemical treatment which 
protects against mildew, rotting, 
moisture absorption and freezing and 
an end protection for greater hose 
end strength are described. 


(39) ELECTRIC OVENS: Soiltest 
Inc. has the Blue M line of electric 
ovens and furnaces featuring dual- 
banked modella elements. Construc- 
tion is double-wall type with stain- 
less steel exterior. Prices are includ- 
ed in folder 5520. 


(40) DOCKS AND PIERS: De Long 
Corp. has a special technique of dock 
construction that is described in a 
20-page illustrated booklet. Installa- 
tions include piers, wharves, and 
drilling platforms. 


(41) TRACTOR-SHOVEL: Payload- 
er model HO tractor-shovel by Frank 
G. Hough Co. has 4-wheel drive and 
a capacity of 2% cu yd. Features 
include 40° bucket break-out at 
ground level, power controls, plane- 
tary final drives, torque-proportion- 
ing differentials. 


(42) ROLL CRUSHERS: McLanahan 
& Stone Corp. has an 8-page bulletin 
on McLanahan double roll crushers 
for finer reduction of medium size 
feeds. Tables for determining crush- 
er capacity for various roll setting 
and size combinations are included. 


(43) NICKEL PRESSURE VES- 
SELS: Bulletin 24 from International 
Nickel Co. summarizes important 
application requirements on adapt- 
ing eight commercial high nickel al- 
loys for pressure vessels. 


(44) GRINDING RODS: The dia- 
monite grinding rods by Diamonite 
Products Div. of U. S. Ceramic Tile 
Co. are specified in a new folder. 
Lower costs and longer service are 
claimed. 


(45) BELT CONVEYORS: Pre-Bilt 
sectional belt conveyors with capa- 
cities up to 1500 tph are described in 


Link-Belt Co. book 2579. Belt widths 
are 18, 24, 30, and 36-in., and drives 
range up to 40 hp. 


(46) WIRE ROPE: Wire rope recom- 
mendations for industrial services 
are given in 24-page bulletin DH- 
128D from American Cable Div. of 
American Chain & Cable Co. Rec- 
ommendations cover rope diameters, 
construction, preforming, lay, grade, 
and core. Charts on weight and 
breaking strengths are provided. 


(47) TRANSISTORIZED COUNTER: 
Model 411 by Universal Atomics 
Corp. is a gun-shaped geiger counter 
employing seven transistors and 
powered by two standard flashlight 
cells. Audio amplifier, reversible 
shield, chromed case are some of 
the features. 


(48) SERVICE PIPE: Johns-Manville 
has a 12-page, illustrated brochure 
on an asbestos cement pipe. Transite 
pipe is pressure formed, corrosion 
resistant, and features Ring-Tite 
coupling to provide flexibility and 
simplify installation. 


(49) CO, ANALYZERS: Hays Corp. 
has 4-page catalog 56-553-1 on com- 
bustion meters used as an index to 
the efficiency of fuel burning opera- 
tions. The meters can be provided to 
record draft and flue gas tempera- 
tures. 
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(50) AUTOMATIC CONTROLS: 
Catalog D-31 from Automatic Tem- 
perature Control Co. is a condensed 
guide to automation components 
control systems. Differential trans- 
former systems, time controls, valves, 
and counters are included in the 
illustrated listings. 


(51) CONCRETE GUNNING: A 16- 
page catalog by Air Placement 
Equipment Co. has the answers to 
some often-asked questions about air 
placed or gunned concrete. The 
spraying of concrete is desirable for 
unusually shaped areas as forming is 
often eliminated. 


(52) VIBRATING SCREEN: Model 
S by Allis-Chalmers is vibrating 
screen in sizes up to 4x10 ft for 
handling of specification aggregates 
up to four in. and coal up to six in. 
Screen has bolted, lock-nut construc- 
tion with close-spaced clamping bar 
bolts and springs. 


(53) DRILLING EQUIPMENT: Ack- 
er Drill Co. offers a line of soil sam- 
pling tools, rotary earth augers, dia- 
mond and shot core drills, earth bor- 
ing equipment, drilling accessories 
and supplies. Bulletins include on- 
the-job photos. Diagrams supplement 
detailed specifications. 


(54) BI-METAL WIRE: Alloy Metal 
Wire Div. of H. K. Porter Co. has a 
bulletin on nickel-clad copper wire. 
It is said to provide high conductiv- 
ity with resistance to oxidation, flak- 
ing, and embrittlement at high tem- 
peratures. 


(55) URANIUM CONCENTRATION: 
A flowsheet on the “Resin In Pulp” 
process for uranium concentration is 
offered by Denver Equipment Co. To 
date, the process is not applicable 
when vanadium must also be re- 
covered. 


(56) HARDNESS TESTERS: Wilson 
Mechanical Instrument Div. of 
American Chain & Cable Co. Inc. 
has a 12-page bulletin on Tukon 
testers. These testers make possible 
microhardness testing using ex- 
tremely shallow indentations. They 
may be used on fine wire, small 
precision parts, thin metal, jewels, 
plastics, glass. 


(57) CASTINGS CHART: A desig- 
nation chart for corrosion resistant 
stainless steels is available from 
Empire Steel Castings Inc. The 
chart correlates the various stainless 
types for selection and reference. 


(58) AIR TOOLS: A 68-page, sec- 
ond edition of No. 44 catalog by 
Thor Power Tool Co. lists a line of 
mining and contractor’s tools. At- 
tachments, accessories, and replace- 
ment parts are included with tables 
of specifications. 
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Seminole Rock Products of Miami, Fla., bought five 
CAT* DW15s with W15 Wagons on the basis of its 
previous experience with Caterpillar products. Dragline 
loaded with lime and coral rock, these units make a 
1650-ft. haul (with short 10% adverse grade) over ex- 
cellently maintained roads to the processing plant, and 
2000-ft. return. After the Caterpillar DW15s had been 
on the job long enough to show what they could do, 
here is what General Manager L. G. Bunnell had to say: 


“These DW15s have power to spare. With an aver- 
age load of 15.2 yd. (45,600 lb. actual weight), haul 
and return time is only 4.09 minutes. The five units haul 
358 cu. yd. per hour—estimated hauling cost is only 
9,.2¢ per yard. Thanks to their powerful Cat Engines, 
the DW 15s started up from the dragline in second gear, 
high range. 

“We are particularly satisfied with their extreme 
economy. 
ation, these five new Caterpillar DW15s have had no 


In more than 1600 hours of combined oper- 


down time. Their rugged construction and trouble-free 
operation are important factors in cutting costs, Impor- 
tant, too, are their ease of maintenance and their ability 


to deliver full, foul-free power on No. 2 furnace oil. 


“We like the high maneuverability of the Cat DW15 
and W15 Wagon,” 


their dependability and power, speeds up our operation 


Mr. Bunnell concludes. “This, with 


considerably.” 


Your Caterpillar Dealer —who provides skilled serv- 
ice and factory parts you can trust —will demonstrate 


the DW15 on your job. Give him a call soon. 


Caterpillar Tractor Co., Peoria, Illinois, U.S.A. 


and Cat are Re Tractor Co 


LER 
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Virtually all mining areas now standard- Arizona, was first of the Copper Concen- 
ize on Clarkson stainless steel units to trators to install stainless steel feeders. 
accurately feed reagents to flotation cells. These early units still provide main- 
In 1939, Miami Copper Company, Miami, tenance-free service for Miami Copper. 


Stainless steel units good as new 
after 17 years of corrosive reagents 


FLOTATION is an operation where the earning-power of 
stainless steel comes to the top. 


Reagent feeders operating since 1939 still give good- 
as-new performance because they're made entirely of 
austenitic chromium-nickel stainless steel. 


Regardless of where you operate, whether in non- 
metallic or metallic mining, there are hundreds of ap- 
plications where chromium-nickel stainless steel will 
pay off handsomely. 


As in feeders, stainless steel containing nickel length- 
ens equipment life. It resists attack by chemicals and 
atmospheres over a wide range of concentrations, pres- 
sures and temperatures. What's more, it is strong, 
tough, and ductile. Its high resistance to impact, wear 
and abrasion spells long, maintenance-free service un- 
der severest operating conditions. 


. : No replacements needed despite years of service under cor- 
There’s no need to put off using stainless steels where rosive and abrasive conditions on units such as this. View 


you want long, money-saving performance. Leading shows interior of durable, corrosion-resistant 18-8 chromium- 
steel companies produce austenitic chromium-nickel _ nickel stainless steel feeder, developed and produced by Clarkson 
stainless steels in all commercial forms. Co., a Division of Equipment Engineers, Inc., San Francisco. 


Anco, THE INTERNATIONAL NICKEL COMPANY, INC. 82.2). 
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Borax Mine to Become Open Pit 


The Pacific Coast Borax Co. has commenced an $18 million develop- 
ment program at Boron, San Bernardino County, Calif. In January 
work got underway on stripping of overburden for the conversion of 
the underground operation into an open pit. The project, expected to 
be completed next year, includes the construction of new refining and 
concentration plants. 


Reynolds to Begin Bauxite Shipments from Haiti 


In May, Reynolds Mining Corp. expects to complete construction work 
at its mines and ore handling facilities in Haiti and commence ship- 
ping bauxite to its La Quinta alumina plant at Corpus Christi, Texas. 
Reynolds is now operating two bauxite ships between Jamaica and the 
Gulf ports and has two additional carriers under construction. 


New Fuller's Earth Plant in Operation 


Near Meigs in southwest Georgia, Waverly Petroleum Products Co. 
of Philadelphia, Pa., has put into operation a new plant to process 
fuller’s earth for use as oil and grease absorbants. Mining is carried 
out by stripping methods in this area, the heart of a rich fuller’s earth 
district. 


Uranium Merger Proposed 


During April stockholders of Sabre Uranium Corp. are meeting in 
Dallas, Texas, to consider the question of the proposed merger with 
Pifon Uranium Corp. The approval, which appears likely, will bring 
together two large groups of rich uranium claims in the Ambrosia 
Lake district near Grants, N. M. Stockholders are also considering a 
proposal whereby American Metals Co. would receive 25 pct interest 
in the new firm in return for an investment of $4.5 million, largely for 
the construction of a 1500 tpd mill near Grants. American Metals Co. 
would also direct the development of the merged firm’s uranium prop- 
erties. 


Mineral Laboratories Organized in Missouri 


During April the Geomar Mineral Research Laboratories, a division of 
the newly formed Geomar Minerals Corp., was organized at Rolla, Mo 
The unit will consist of five integrated laboratories for petrographic 
and mineral analysis, X-ray, spectrographic, chemical, and radio- 
metric analysis. It will be the only operation of its kind between 
Denver and Pittsburgh. 
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In open-pit mines everywhere, Bucyrus-Erie shovels like Leonard electric control provides immediate response, per- 


this 6-yd. 150-B are demonstrating their ability to strip mits time-saving coordination. 
= overburden and load ore fast and economically. We would be glad to tell you more about Bucyrus-Erie 
You can see how they do this as you watch them work excavators — how they can improve your operations. 


~— heaped dippers, smooth cycles, ease of control that cuts 


pb Pr 
operator fatigue, plus year-after-year dependability. 
4 


You can see why Bucyrus-Eries are-superior performers 


150-B. . 6-cu. yd. 
190- B. . 8-cu. ydy 


when you check their design and construction. The strong £ 
= 


-yet light front end reduces deadweight, saves power. Ward ; 


sucyrus- ERIE COMPANY 


SOUTH MILWAUKEE, WISCONSIN 


cawapa 


In aa... And the World Over 
v 
: 
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Canyon wall exposes the Wingate 
formation. 


Survey With New 
Airborne Detector 


A new electromagnetic detector, 
trailed from a plane by means of a 
cable, is being used as an explora- 
tion tool by Aerophysics of Canada 
Ltd. The device is intended for 
quick location of areas of heavy 
sulfide deposits, principally copper 
and lead, so that extensive ground 
surveys may be concentrated on 
especially promising sections. 

Recordings are made from the 
output of a receiver which is slung 
from the plane in a bomb at the end 
of a 500-ft cable. The detector can 
cover areas at speeds of over 100 
mph. and cost is estimated at one 
tenth that of ground surveys. 

The electromagnetic system uses a 
wire coil to create an alternating 
field which induces a _ secondary 
field from a conductive body coming 
within range. High sensitivity to 
sulfide ore and good discrimination 
against overburden is claimed in 
field tests. 

As the bomb trails about halfway 
between the aircraft and the ground, 
complete records are taken of the 
output of the electromagnetic equip- 
ment, the aircraft altitude, and si- 
multaneously aerial photographs are 
taken of the ground below. 

It is indicated that the usefulness 
of the system depends on regional 
makeup, and exploration will be 
best done after study by geologists 
and geophysicists. Graphitic zones 
and subsurface saline areas can also 
cause anomalies. 

Aerophysics will launch its third 
detector-equipped plane late this 
year. 


MINING 


engineering 


Airlift Compressor 


The Utah Rockies in twenty be- 
low zero weather at an elevation of 
7000 ft—the problem—set an air 
compressor in place at the top of a 
canyon wall with sheer 1500-ft sides. 

Atlas Corp. faced this difficulty 
when they decided to test drill for 
uranium in the Hidden Splendor 
area of Utah. They hit on the solu- 


An Anson aircraft carries the trans- 
mitter and recording equipment 
Anomaly detector is towed in bomb at 
the end of a 500-ft cable. 


To Drilling Site 


tion of dismantling a LeRoi 105 com- 
pressor and flying it, piece by piece, 
to the selected spot on the Wingate 
formation, by way of helicopter 

When the compressor was reas- 
sembled, its operation proved the 
airlift worthwhile and several drill 
rigs were used at sites some distance 
from the compressor area 


Technician keeps a constant check on 
his instruments as plane cruises at low 
altitude 
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Sodium Reduction 
Method to Yield 
7500 Tons Annually 


A six-year program costing over 
$2 million resulted in the production 
recently of the first heat of titanium 
sponge at the new Ashtabula, Ohio 
plant of Electro Metallurgical Co., a 
division of Union Carbide & Carbon 
Corp. 

The privately financed plant is the 
largest titanium producing facility 
built to date and has a rated annual 
capacity of 7500 tons of titanium 
sponge. 

Using a sodium reduction process, 
the new plant is the first to depart 


from the magnesium reduction 
method that has been used in all 
previous commercial production. 


The company has had this process 
in operation on a pilot and proto- 
type plant scale at its Metals Re- 
search & Development Laboratories 
in Niagara Falls, N. Y. 

Titanium is about half as heavy 
as steel though its alloys have ten- 
sile strengths approaching those of 
most steel alloys. Strengths are 
maintained at temperatures up to 
700°F and corrosion resistance of 
the metal is high. These qualities 
make the metal especially suited for 
use in high-speed planes and jet en- 


A truckload of economy for 


Largest Titanium Plant Now in Production at Ashtabula, Ohio 


Equipment used in the production of titanium metal sponge at the Electromet plant at 
Ashtabula, Ohio. Plant is expected to reach rated capacity of 7500 tons per year by 


the fourth quarter of 1956. 


gines. Electromet also sees large 
potential civilian markets in chem- 
icals, petroleum, food, electronics, 
and atomic energy. 


a base metals concentrator in 


Northern Quebec... 


From 3 tons in 1948, titanium pro- 
duction mounted to 7200 tons last 
year. Total production in 1956 is 
expected to reach 13,000 tons. 


Black Diamonds from New- 
castle .. . precious stones of 


Kimberley .. . in fact any- 
where in the world where 
engineers have solved the 
problem of pumping abras- 
ive solids in suspension 
economically—you will find 
the Linatex Pump at work. 


Here is the inside story. When we talk of the Linatex 
Pump, we must talk of Linatex around which, quite literally, it is 
designed. This living, natural rubber, is stabilised by a patent pro- 
cess, giving it greater resistance to abrasion than any known 
material. Being resilient, it ‘bounces off’ particles without damage 
to itself, Thus by lining our pump with Linatex we greatly reduce 
wear, Also the impeller, of solid Linatex, is virtually indestruct- 
ible. Compact and easily accessible for routine inspections the 
pump also features a patented hydrostatic gland and alternative 


types of packed glands. 


AUSTRALIA 


Linatex (Australia) Pry. Led., 
David Screet, Dandenong, 
Victoria, Australia 


6 of the |5 Linatex factories in the world 
~ Any of them will see that your enquiries — 


receive energetic action 


PUMP the most 


lasting pump in the world 


U.S.A. 


Linatex Corporation of America, 
Vernon Avenue, Rockville, 
Conn. U.S.A. 


CANADA 


Wilkinson Linatex Co. Led., 
2210 Parthenais St., Montreal 24, 
Quebec, Canada 


ENGLAND 


MALAYA 


Wilkinson Rubber Linatex Led., The Wilkinson Process 
berley, Surrey Rubber Co. Led., Bacu Caves, 
England Selangor, Fed. of Malaya 


STH. AFRICA 


R. J. Spargo Led., 
P.O. Box 7128, Johannesburg 


S. Africa 


478—MINING ENGINEERING, MAY 1956 


P 8 


| 


> 


SHOVEL CABLE 


CABLE AND MINE EXPERIENCE enable Anaconda to design and build shovel cable that 
resists razor-sharp rocks, water, »un, heat, cold, and — most important — run-overs 


If you were a cable manufacturer as 
well as a miner, you could use your 
mine experience to build cable better 
than others. 

But since you aren't, it will pay you 
to buy your cable from Anaconda— 
who is both cable manufacturer and 
miner. 

FOR SHOVEL CABLE 

Years of mine experience . . . of 

cable testing and improving . . . have 


FLAT-TWIN CABLE 


Improved stranding, new 
insulation, new ground- 
ing wire, and neoprene 
jocket make this a su- 
perior cable for shuttle 
¢ors, continuous miners, 
loaders, drill trucks, 
cutters. 


POWER CABLES 


trucks, cutters, 


AnacondA Types W & G 
are rugged, sturdy and 
long-lived. Used for mine 
power, shovels, continu. 
ous miners, loaders, drill 


taught us how to make a cable that 
stays on the job longer under all con- 
ditions, It’s Securityflex* Type SH-D 
cable. 

New, job-tested, high-grade butyl 
insulation assures better resistance to 
heat, water and compression, And 
new neoprene jacket makes this cable 
even tougher and more abrasion-re- 
sistant. 

For Type SH-D, or other shovel 


SHOVEL AND DRILL CABLES 


Securityflex* Types W 
ond G are used with 
small shovels, self-pro- 
pelled drill trucks, 
pumps and mining 
equipment. For higher 
voltages, Type SH cables 
(shielded) are recom 


mended. 


This cable was “built” in our mines to perform better in yours 


cable, let Anaconda mine and cable 
experience pay off for you. See your 
Anaconda Distributor. Anaconda 
Wire & Cable Company, 25 Broad- 


way, New York 4, N. Y, 


@Trede Mart 


ANACONDA 


MINE CABLE 


SECURITYFLEX CORDS 


Unexcelled for strength, 
wear resistance and long 
life. Type SO (heevy- 
duty) provides superior 
service on remote con- 
trol and hand drills. 
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FEEDER CABLE 
BARE Of 
INSULATED 
foo) TELEPHONE WIRE 
SHOT-FiIRE CORD 
@ WELDING CABLE 


IS THE ANSWER! 


Simplicity OS-A-VEYOR feeders lower 
maintenance and increase operating 
efficiency . . . LIMESTONE to TACONITE ORE 


These Simplicity vibrating pan type feeders have proven 
themselves throughout the mining and quarry industry. They are not only 
handling various types of stone and aggregate, but the extremely abrasive taconite ore. 


Lower maintenance costs have been proven by long experience in the field. The simplicity 
of the pan construction allows the unit to be easily repaired with existing materials. These 
feeders are available with replaceable liners of abrasion resistant steel. The oscillating action is provided 
by two eccentric shafts coupled to a single V-belt drive . . . leaving only one assembly 
and four bearings to lubricate. 


The Simplicity Os-A-Veyor feeders are self-cleaning units. They experience none of 
the return spillage found in apron feeders. The Os-A-Veyor feeder will discharge 
material with a minimum fall, the height of drop is not determined by 
the size of a sprocket. The units are designed to handle heavy column 
loads. Overloading the feeders causes no damage, as there is 
no mechanical connection between the eccentric drive and the 
main frame or bin. 


The Simplicity Os-A-Veyor feeders are main frame supported, 
or can be supported from the bin with spring and 
cable suspension, eliminating the need for separate 
concrete foundation. Sizes available range from 1‘ x 4’ 
to 6’ x 20’ with capacities to 1000 tons per hour. 169 


f you with further information on Simplicity Os-A-Veyor feeders, grizzly feeders, horizontal screens or gyrating screens write . . 


SALES REPRESENTATIVES IN ALL 


PARTS OF THE U.S.A. e ra 
FOR CANADA: Simplicity Moterial 
Hendling Limited, Guelph, Ontario 
FOR EXPORT: Brown and Sites, TRADE MARK REGISTERED 
50 Church St, New York 7, N. Y 


ENGINEERING COMPANY © DURAND 18, MICHIGAN 
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Ground Fall Accidents 
Reduced 


The National Safety Council re- 
ports that the 1955 International 
Campaign for the Prevention of 
Falls of Ground Accidents proved 
the effectiveness of pointing up the 
value of common safety measures. 
An estimated 260 injuries were pre- 
vented last year, of which a prob- 
able 15 would have been permanent 
disabilities and fatalities. 

A 29 pct reduction in the fre- 
quency of injuries from falls of 
ground in comparison with the 
average for the previous two or 
three years was the positive result 
of the campaign. Three-fourths of 
the participants either reduced the 
incidence of ground fall accidents or 
had no accidents attributable to this 
hazard. Awards for attaining the 
campaign goal of 50 pct accident re- 
duction were won by 122 mines. 

No unusual cure was employed 
but the campaign forced attention 
on the need for safety, created in- 
terest in finding a solution, and en- 
couraged action. While the danger 
of falls of ground may never be en- 
tirely eliminated, the council points 
out, safety precautions have proved 
their effectiveness in real results. 


President Acts on 
Engineer Shortage 


A National Committee for the De- 
velopment of Scientists and Engi- 
neers was established by President 
Eisenhower in early April to “foster 
the development of more highly 
qualified technological manpower.” 
The committee is composed of 19 
leaders in engineering, science, edu- 
cation, management, labor, state and 
local government, and the humani- 
ties. 

Formation of the group was the re- 
sult of a study headed by A. S. Flem- 
ming, Director of Defense Mobiliza- 
tion. The study group maintained 
that main responsibility for increas- 
ing the number and quality of tech- 
nicians lies with citizen groups or- 
ganized to act effectively. The new 
committee is expected, by presiden- 
tial direction, to enlist cooperation 
“in analyzing the problem and de- 
veloping programs to deal with it, 
and to take the lead in coordination 
of interested organizations outside 
the Federal Government.” 

Among those appointed to the 
national committee by the President 
was Thomas H. Chilton, president 
of the Engineering Joint Council, 
who will act as a representative of 
the engineering interests. 

Recent reports from a subcommit- 
tee of the Congressional Joint 
Atomic Energy Committee indicate 
that the Soviet Union already has 
more engineers and scientists than 
the U. S. and that Russia is graduat- 
ing more than twice as many each 
year as this country. 


‘ 


@ Mining contractors, ore prospectors, coal operators and con- 
struction firms are realizing tremendous savings by taking advan. 
tage of our exclusive fabrication service! Contractors send us the 
necessary diamond stones from their own stocks—we hand set them 
in a super-hard tungsten carbide crown and braze to the threaded 
steel blank. Hand-set bits assure the proper positioning of each 
diamond stone to achieve maximum cutting efficiency. The carbide 
matrix holds the diamond stones until entirely used up. These ad- 
vantages mean lower drilling costs to you. We can also supply 
complete core bits or salvage the stones from used bits at nominal 
cost. Supplied in standard sizes EX, EXE, AX, BX, NX, etc. 


Metal Carbides Corporation 
Youngstown 7, Ohio 


3 BIG ADVANTAGES... 


1. EXTRA STRONG 


2. SUPER HARD 
3. SHOCK RESISTANT 


@ A complete line of low. 


= er high-quality Talide Tips 
offered fabricators and 
users for tipping machine bits, 

rock bits, drill bits, roof bits and 


open-pit bits. All Talide Tips 

have a special surface finish 
that facilitates brazing. Non- 
standard shapes and sizes 
quoted on request. 
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DIAMONDS 


CULTURE? 


GENIUS 


IAMONDS are now being produced so success- 

fully in a pilot plant operation that “man-made 
diamonds will have an important impact on Ameri- 
can industry and defense,” an official of General 
Electric Co. predicted at the presentation to the 
Smithsonian Institution of Washington, D. C. of a 
cluster of the first diamonds made in the GE re- 
search laboratory in Schenectady, N. Y. in 1954. 
These were surrounded with a 100-carat sample of 
diamonds subsequently made in the pilot plant 
operation at GE’s Carboloy Dept. in Detroit. 

The diamonds are made by subjecting “a carbon- 
aceous compound” to pressures up to 2.7 million 
psi and temperatures to 5000°F for extended pe- 
riods. Steady progress has been made in bridging 
the gap between the laboratory and the production 
line with emphasis placed on the achievement of a 
marketable price. No attempt is being made to pro- 
duce stones of gem quality and size, but manufac- 
tured diamonds have proven to be identical with 
those mined from the earth. 

Diamonds are mined principally in Africa, with a 
smaller supply from South America, at the rate of 
some 2% tons annually, The major portion is for 
industrial uses with the U. S. as the largest im- 
porter. With industry of this country completely 
dependent upon foreign sources, the development of 
diamond manufacture takes on particular signifi- 
cance. Fortunately, some 80 pct of the industrial 
diamonds now used are of sizes that can be pro- 
duced by GE’s process. 


STUDENT engineer is a big fellow with a 

steel-trap mind who learns his job and not 
much more. True or not that is the impression 
formed in the minds of individuals who see a 
danger in the ever increasing specialization of engi- 
neers. Is their face well-founded? Certainly the 
engineer must rigorously apply himself to a parti- 
cular study. The day of the jack-of-all-trades will 
never come to nuclear engineering or electronics. It 
would be a man with a poor science indeed who 
could claim himself its master in every phase. 

But the engineer is often in a position of great 
social responsibility and his liberal education is of 
vital importance. Can an engineer, whose career 
training demands so much, also acquire the liberal 
education which means the inclusion of the hu- 
manities and social sciences in his college curricu- 
lum? The American Society for Engineering Educa- 
tion after three years of study insists that the engi- 
neer not only can but must do so, 

A special committee composed of distinguished 
teachers in engineering schools and representatives 
of industry found that “the humanities and social 
sciences are, in a deeply serious sense, practical and 
useful.” They are not speaking of “a cultural veneer 
designed to make the engineer acceptable in polite 
society.” Instead they maintain that liberal arts 
courses “contribute to professional competence in 
the broad sense of enabling the engineer to see his 
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own activities in their human and social contexts, 
to understand his own objectives, methods, and 
problems in relation to those of men engaged in 
other activities.” 

Leading schools have shown that carefully 
planned programs will reinforce engineering train- 
ing while providing sound instruction in the arts 
and social sciences. There is an area in the liberal 
program which gives so far unexplained difficulty to 
engineering students. While the reception given to 
non-literary arts is good, the emphasis found 
needed on English and composition courses still 
shows a “staggering discrepancy” between effort 
and results. There is a steady stream of complaints 
that graduates cannot express themselves in speech 
or on paper, The study suggests that “Engineers 
might well take the initiative in sponsoring a 
thorough-going and hard-headed study of the whole 
matter.” 


AN or Mob? The genius or the group? That is 

the sort of choice we are facing if we heed the 
words of Crawford Greenewalt, president of du 
Pont. Speaking at a meeting of the American 
Newspaper Publishers Assn. in New York, Mr. 
Greenewalt chose as his theme the uncommon man, 
and termed him the key to progress. 

Core of the problem in preserving and organizing 
progress, (ordinarily a rather disorganized affair), 
is how to preserve the creative genius of the un- 
common man despite the emphasis upon group 
effort in modern industry. “Behind every advance 
of the human race,” he said, “is a gem of creation 
growing in the mind of some lone individual, an in- 
dividual whose dreams awaken him in the night 
while others lie contentedly asleep. We need those 
dreams, for today’s dreams represent tomorrow’s 
realities.” 

Without putting words in the mouth of the man 
from du Pont, it would suffice to say that he also 
seems to see virtue in implementation of dreams by 
group hands. The problem: how to have the group 
organization without killing the special kind of wild 
geese that lay the golden eggs for the future. 

After paying his respects to the value of the un- 
common, and creative, individualist, Mr. Greene- 
walt took a few gentle swipes at the tired adjectives 
still being used to describe businessmen in general. 
He feels that the stereotype of the big, bad, and 
rugged businessman is at best dated, at worst com- 
pletely untrue. Looking back 50 years he notes the 
change from the colorful, personable, and somewhat 
rugged individuals then dominating the scene to the 
relatively quiet anonymity of the group now char- 
acteristic of the business world. Personally he takes 
the mislabeling in stride. 

“I might record the fact that I started many 
years ago as a scientist—hence, at that time, was 
presumably long-haired, and doubly so since I was 
also an amateur musician. Imagine how disconert- 


10 MILLION FT OF HOLE 


ing it was, some years after having made the transi- 
tion from the laboratory to the business office, to 
find myself characterized by no less an agency than 
the Dept. of Justice as a “monopolist by marriage,’ 
and by the Daily Worker as a bloodless capitalist. 
Time Inc. was kinder—calling me merely ‘graying, 
hawk-nosed,’ a term my children have adopted 
with some glee.” Mr. Greenwalt may be graying, but 
he hasn’t lost his sense of humor. 


NE way to solve the shortage of qualified 

teachers and bring top-flight technical men 
from the field to the classroom has been found by 
the University of Utah. By getting cooperation from 
industry the University has brought in a series of 
outstanding lecturers to the school—men from com- 
panies such as Kennecott, U. S. Smelting, Combined 
Metals, Anaconda, Asarco, Hercules Powder, the 
U. S. Public Health Dept., and the Independent Coal 
& Coke Co. 

To deal with the topic of smelter schedules the 
school drew upon the practical background of U. S. 
Smelting, Refining, & Mining Co., as well as upon 
the personal experience of Blaine’ Watts, company 
ore purchaser. Stan Michaelson, chief engineer for 
Kennecott’s Western Mining Div. spoke on “Engi- 
neering Mining Valuation” and “The Design of Mine 
Plant’. Others handled topics equally up their alley. 

Bringing these men to lecture at the University 
has brought enthusiastic reception from the stu- 
dents, faculty, and the mining fraternity. No in- 
crease in faculty. No cost to the school, and the 
students get the facts. 


EN million is a lot of almost anything these 

days—except in a government budget and 10 
million was the number of feet of hole punched in 
by Canadian diamond drillers last year according to 
a report in the Northern Miner. Without speculating 
on the precise cost of this much hole, it is interesting 
to correlate some figures from an address to the 
shareholders of International Nickel Co. by John F. 
Thompson, Inco board chairman. 

In ten years Inco has shelled out $31 million for 
exploration, distributed as follows: $2.5 million for 
geophysical work, largely airborne; $11.5 million 
for surface diamond drilling; and $17 million for all 
other exploration. It is pretty risky to project such 
a slim slice over the whole picture but if other firms 
approach anything like the ratio shown by these 
figures, that 10 million ft of diamond drill hole for 
1956 is the index of an astronomical exploration ex- 
penditure just north of the border. 

Geophysics is no longer the infant of the explora- 
tion field,—not at $2.5 million. That sort of figure is 


STATISTICS CAN BE FUN 


TRENDS 


getting into the area of expenditure more character- 
istic of petroleum exploration. 


ARRELL Huff wrote a book How to Lie with 

Statistics (W. W. Norton Inc., N. Y.) as if a 
book on that subject were just what we needed to- 
day. Actually Mr, Huff lives up to his name by 
poking some not so good natured fun at the man 
with a number and a purpose—and no scruples 
To give a sample of the slant: “The number of 
(television) sets in American homes increased 
around 10,000 pet from 1947 to 1952. Project this 
over tne next five years and you find that there'll 
soon be a couple of billion of the things, Heaven for- 
bid, or forty sets per family.” Take your tongue out 
of your cheek now, please 

Men have made a career for themselves by just 
hollering “give me the figures” often enough and 
loud enough. (The rule here is never quite accept 
any set as what you wanted in the first place). On 
the serious side the problem of loose numbers, or if 
that stretches the language too much for the purists, 
loosely quoted numbers, is a real problem these 
days. Enough so to make the Royal Bank of Can- 
ada devote a whole monthly letter to the subject. 
Complete with selected reading list it 
cautions on a variety of points 

As the Royal Bank points out it is not enough that 
just the statistics themselves be honest (or we would 
say the statistician), intelligence in use must be the 
added ingredient. As they phrase it, “They (sta- 
tistics) are a base upon which to formulate sound 
business judgment: that is all.” 

In conciuding, the letter quotes from Mr. Moro- 
ney’s Facts from Figures: “If you are young, then I 
say: Learn something about statistics as soon as you 
can. Don’t dismiss it through ignorance or because 
it calls for thought If you are older and already 
crowned with the laurels of success, see to it that 
those under your wing who look to you for advice 
are encouraged to look into this subject. In this way 
you will show that your arteries are not yet hard- 
ened, and you will be able to reap the benefits with- 
out doing over much work yourself. Whoever you 
are, if your work calls for the interpretation of data, 
you may be able to do without statistics, but you 
won't do so well.” Amen 


organizes 


EC wants you. With an increasing number of 

private companies negotiating to construct and 
operate uranium mills, the Commission is in need of 
additional personnel in its Processing Div. to ad- 
minister the program and necessary contracts. In- 
terested graduate engineers with a minimum of five 
years experience in the design, construction, or 
operation of ore beneficiation plants should contact 
the Personnel Office, U. S. Atomic Energy Commis- 
sion, Grand Junction Operations Office, Grand Junc- 
tion, Colo, Annual salary range is $6,390 to $7,570 
depending on qualifications and experience. 
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POWERHOUSE 


does all! 


In one of the worid’s largest phosphate beds, near 
Soda Springs, Idaho, this CAT* D397 Electric Set 
is the main source of power for the crushing plant 
shown here. Output of the crusher, owned by Morrison- 
Knudsen Co., Inc., is 1000 tons per eight-hour day of 
1%"—%%" quartzite. The crushed quartzite is raw 
material used in Monsanto Chemical Company's nearby 
elemental phosphorus plant. 

The D397 Electric Set furnishes power for a 125 
HP motor on the Simmons cone crusher, a 100 HP 
motor on the Cedarapids jaw crusher, and nine motors 


totaling 17242 HP on conveyors and vibrator screens. 


Now there is a new Caterpillar D397 Electric Set 


with Turbocharger, developing 350 KW. It is self- 


regulated for easy, adjustment-free operation and 
steady voltage. It incorporates Caterpillar’s amazing 
new generator, which exactly matches the D397 En- 
gine powering it. 

Reliability and long life are important in an elec- 
tric set, which is often called upon for continuous 
operation. The Caterpillar D397 has both, with such 
features as aluminum alloy bearings, “Hi-Electro” 
hardened crankshaft and cylinder liners. It also has 
highly effective oil and air filters designed to protect 
the engine’s Caterpillar-built precision under even the 
dustiest conditions. 


There is a complete line of Caterpillar portable 
and stationary Electric Sets, up to 350 KW. Your 
Caterpillar Dealer — who provides skilled service and 
parts you can trust — has full details on the engine or 
electric set best suited to your operation. See him today. 


Caterpillar Tractor Co., Peoria, Illinois, U.S. A. 


CATERPILLAR’ 


“Caterpillat aed Gat are Registered Trademarks of Co 


po 
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Regional Meetings Broaden Viewpoint 

HIS month members living in the Northwest 

and those who could travel out there had an op- 
portunity to take a look at the whole of the mineral 
industry picture. May 3 to 5 marked AIME’s Fifth 
Pacific Northwest Regional Metals and Minerals 
Conference. What is significant about this meeting, 
aside from the high caliber of the papers, is that 
this is a meeting place on a regional basis for tech- 
nical interests in two branches—Mining and Metais 

Again, in September, those members in the Rocky 
Mountain province and those who can go out there 
will have another of these opportunities to see the 
large picture. This occasion will be the Rocky 
Mountain Minerals Conference on September 26 to 
28 at Salt Lake City. Those guiding the gathering 
stress that interests covered will cut across the fields 
of Mining, Metals, and Petroleum. Last year the 
sessions at this conference were set up on topics of 
joint interest, drawing men from all technical divi- 
sions into discussion of common problems 

This process of cross fertilization has its surprises, 
some of which show up during discussion. Men in 
diverse fields are often hacking away at a problem 
without knowing that they are on opposite sides of 
it. Meetings organized on a topic or regional basis 
are the place to find this out. 

It is far from new to use common problems to 
draw men of varied specialization into joint dis- 
cussion. Certainly the title of one of the Iron and 
Steel Div.’s conference committees is a case in point: 
Blast Furnace, Coke Oven, and Raw Materials. In 
addition to this range of interests, there is the Open 
Hearth Committee meeting simultaneously with the 
BFCO&RM group at an annual spring conference. 
This particular meeting gives participants a chance 
to take a look at the whole field of iron making 
from coal, limestone, and iron ore down to the final 
ingot. 

The preliminary announcement for the AIME 
Northeastern Mining Branch Conference at Hershey, 
Pa., November 8 to 10 shows the same kind of 
thinking. The early information is that the techni- 
cal program at Hershey will be “comprehensive, 
branchwide.” 

Still another approach to this problem is evi- 
denced by the annual Electric Furnace Conference, 
set this year for December 5 to 7 in Chicago. Here 
the process is the topic, and again the specialized 
problems fit into a broad economic and industrial 
framework. 


Looking Ahead for the Institute 

In June, MINING ENGINEERING will carry the re- 
port of the AIME Long Range Planning Committee, 
together with some explanatory material and com- 
ment. Copies of this report are available now for 
those who write to headquarters in New York. We 
wish to stress the importance of the questions this 
type of planning raises, and hope that every reader 
will take a close look at the report when it appears 
in June. Looking far ahead is something that in- 
dividuals and organization do all too seldom, and 


MINING 


engineering 


DRIFT 


this underlines the importance of those times when 
it is done 


In a way this report on long range planning might 
be termed: “the engineer looks at his professional 
engineering society.”” The same issue will also carry 
something of a different nature that might be 
termed: “the engineer looks at his profession.” Of 
this, more below. 


Protessionalism and the Engineer 

Some time ago Engineers Joint Council (of which 
AIME is a member), charged a committee with the 
task of studying professional employment condi- 
tions and preparing information for employers on 
the effect of various factors on the development of a 
truly professional outlook by engineers. This work 
has resulted in a report now being released by the 
EJC Board, entitled “Professional Standards and 
Employment Conditions.” 

One benefit, at least, of the shortage of engineers 

or if one wishes, the lack of an oversupply of en- 
gineers——is that the profession and members of the 
profession are getting more attention both within 
and without the field than ever before. For once the 
vital role played by the profession is being recog- 
nized by management, by educators, and by the 
public 

Benefit to the profession is almost certain to flow 
from this increased notice and attention. Among the 
hoped-for gains: better training for engineers, more 
recognition, more financial recognition, and partic- 
ularly, a stronger professional spirit. This EJC re- 
port should help in several of these areas. At least 
some observers feel that now is the time to capital- 
ize on a favorable situation and raise the stature of 
engineering as a profession, and to encourage the 
growth of professionalism, particularly among the 
younger practitioners 

Employers will play a role in this growth of en- 
gineering, it is felt, particularly since many are now 
searching for other solutions to their professional 
manpower problems than merely raiding their com- 
petitors. Management in many cases appears eager 
to find assistance and answers as to problems of 
proper treatment of professional level employees 
Several firms have received rude shocks when staff 
attitude toward the company was revealed through 
questionnaires 

When one large firm moved a laboratory it was 
jarred to find how few of its people moved with the 
lab. Money was not the problem. Checkbacks on 
the people who left revealed big areas of dissatis- 
faction. Lack of recognition was a sore point, as 
was lack of a clear picture from the company of 
where they fitted into its overall operations 

Everyone—government, business, or college—is 
looking for engineers right now. Out of this search 
are not only going to come constructive action for 
the future, but much closer attention to what is now 
available—to the conserving of the available pro- 
fessional engineering manpower resources they do 


have 
R. A. Beals 
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Prospecting is one area of the mineral industry which holds great fascination for many young men. The search for nature's hidden 
resources often brings a geologist or geophysical engineer unusual opportunity for travel, adventure and rugged outdoor living. 


‘VE HEARD it said that the day of the 

pioneer is gone, That we Americans 
save turned soft, That, somewhere down 
the line, we've lost our old-time taste for 
exploration and adventure 


“There just aren't any more Davy 
Crocketts or Dan'l Boones left,’ people 
tell me. It isn't so, though. 


Ac this very moment, Americans are 
making their way into some of the wildest, 
most remote corners of the world, with the 
same disregard for danger and discomfort 
that our pionect ancestors showed 


I know of Americans who are daring the 
backwaters of the Amazon; others who are 
scaling the Andes, cutting through the 
jungles of Africa, crossing the barren 
deserts of Asia, battling the snake-infested 
swamps of ous own southland, And, with- 
out fear of contradiction, I can say they're 
relishing every minute of it 


“Never had it so bad, and never en- 
joyed anything so much,"’ one of them 
wrote home. 


These young men—as well as their 
colleagues in more settled mines, mills and 
laboratories—are trail blazing along a 
never-ending frontier: the mineral in- 
dustry. Regardless of difficulties, they are 
finding precious minerals extracting them 
and then converting them into their most 
useful, valuable forms 
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Should your child go into 
the Mineral Industry? 


by JOHN W VANDERWILT 
President, Colorado School of Mines (As told to DONALD ROBINSON) 


It is a vital job they are all doing. 


Our national economy is rooted, in 
large yer in mineral production, Take 
coal, Without it, much of America’s in- 
dustry would grind to an immediate hale. 
Without oil, no plane would fly, no auto- 
mobile would run. Without copper, every 
electric generating station would shut 
down. Without uranium, our national 
defenses would be crippled. And the same 
thing is true for dozens of other minerals 


Recently a friend of mine remarked to 
me, “Our entire civilization would crum- 
ble if it weren't for minerals and the scien- 
tists and engineers who make them avail- 
able to us." He was not exaggerating the 
situation one whit 


There are several different a of 
scientists and engineers in the industry. In 
brief, this is what they do. 


The geologist deals with the structure of 
the earth, In particular, he specializes in 
the properties, occurrence and uses of 
minerals and rocks 


The geological engineer covers much 
the same area, but he pays more attention 
to the practical applications of the science 
and less to basic research 


Next is the engineer. He 
seeks hidden indications of mineral wealth 
by means of seismic, magnetic and other 


new, almost magical methods. 


The mining engineer is responsible for 
taking the raw materials from the earth. 


Now comes the metallurgical engineer 
and he has a vast scope, too. He not only 
works on the extraction of metals from 
their ores, but on the adaptation of these 
metals to man's purposes. He is con- 
stantly evolving new and better alloys or 
new uses for old alloys. 


The petroleum engineer concentrates on 
obtaining oil and gas out of the earth 


The petroleum refining engineer takes 
up where the petroleum engineer leaves 
off. His job is to develop ond nqeave the 
many thousands of products, such as 
yasoline, lubricants and asphalt, that can 
be made out of petroleum; or that utilize 
petroleum, such as nylon. 


Last is the ceramic engineer. He focuses 
on nonmetallic minerals and the products 
that can be fabricated from them, such as 
brick, glass, enamels, electric insulators 
and high temperature products. 


The industry in which all these pro- 
fessions are engaged is enormous. In the 
U. S. alone, the value of mineral produc- 
tion was, at last count, over $1 3,000,000,000 
a year. Today, more than one tenth of all 
gainfully employed Americans make their 
fring out of minerals. 
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For scientists and engineers, the horizons 
of this industry are especially wide. They 
can be based here or y te They can go 
out in the field and prospect for new 
mineral deposits or they can work in 
already proven mines. They can accept 
_ in manufacturing plants, research 
aboratories and government offices. Or, 
if they prefer, in college classrooms. 


Openings for trained men are many. 
I say this from personal observation. 


“Did you have a tough time finding a 
job?" Lasked one of our graduates recently. 


“Gosh, no,” he replied. “The toughest 
esp I had was choosing which job 


liked best.” 


The fact is that there is a decided scarcity 
ot foung Scientists and engineers in min- 
mele. Throughout the entire United States, 
the total number of graduates in this field, 
last year, was under 1,500. Most students 
at top-flight schools are offered between 
three and four jobs each, upon graduation, 


Naturally, you want to know what the 
financial outlook is for mineral men. Here 
is the picture. 


Graduate engineers can expect a starting 
salary in industry of $365 to $425 a month. 
Inside of five years, those with average 
ability should be drawing $7,500 a year 
Ten years after graduation their earnings 
should be $10,000. Only the sky is the 
limit for very good men. Many engineers 
go into top management and earn excep- 
tionally high pay. I know several who are 
making $50,000 to $100,000 a year. 


Teachers usually begin with about $3,600 
a year and top men go up to $10,000 a 
year. Moreover, a school year is usually 
nine months and some faculty men regu- 
larly double their year's income by acting 
as industrial consultants during their 
vacations. 


Always, for anybody in the mineral in- 
dustry who tries, there is the possibility of 
striking it truly rich. A few years ago, a 
penniless young geologist | know went 
prospecting for uranium, He spotted a 
deposit. A big one. Today it is ge seg 


that he is worth several million dollars 


This past year two of our own students 
at the Colorado School of Mines went pros- 
pecting for uranium in their spare time 
after class. They made a sizable strike 
within twenty-five miles of the campus. 


There are also rewards in minerals be- 
yond money. It is an exciting, adventure- 
filled life. The work presents a ceaseless 
challenge. Best of all, you feel that you are 
helping to create new wealth, new indus- 
tries, new jobs for your fellow men. 


I know that sensation at firsthand. Back 
in 1928, I was associated with a group of 
U. S. Geological Survey men sent to 

rospect for potash deposits. The United 
Bases was then dependent upon foreign 
producers for most of its potash for fer- 
tilizer and other industrial uses. 


We began drilling east of Carlsbad, New 
Mexico. Down we went 500 feet. All we 
found was rock of no value. Down we 


went to 1,000 feet. Still only worthless 
rock. sy we drilled to 1,500, 1,800, 
2,000 feet below the surface of the earth 


Up came more samples of ore. This 
time the samples were spotted with sylvite 
and bitter-tasting potash chloride. We'd 
hit a fine deposit. 


In large part, the American potash in- 
dustry — producing about two million tons 
a year—has grown out of that one strike 
It is a source of genuine satisfaction to me 


Rewarding as the mineral industry is, 
you musn’t think that it is all “peaches 
and cream.” The hours are long and the 
conditions can be rugged. Young mineral 
men may find themselves working in a 
dilapidated lean-to deep in the Canadian 
or On an ex drilling platform 
away out in the Gulf of Mexico, or in a 
cramped Quonset hut off on the burning 
sands of the Arabian Peninsula. Even in 
this country, they may have to make their 
home in a pup tent on some jagged waste- 
land 100 miles from civilization. For 
months on end they will have no medical 
facilities, no recreational outlets, no com- 
forts of any sort, Long separations from 
wives and families can 4 the rule, not the 
exception, 


Certainly, I would not recommend the 
mineral industry for a girl unless she were 
prepared to overcome herculean obstacles 
Some women have done well in geology, 
and a few at the research side of mineral- 
ogy, but they are still the exceptions 


Is there any way, people sometimes ask 
me, to tell whether a boy is well-suited for 
a career as a scientist or engineer in the 
mineral industry? 


I think there is. Answer these questions 
honestly and you should have a fair idea 
of a boy's prospects. 


1. Is the boy curious about scientific 
matters? Does he wonder about the make- 
up of the earth, for instance, or the broad 
principles underlying atomic energy’ He 
should. 2. Is he good at mathematics, 
chemistry and physics? He'll need to know 
them through and through. 3. Is he adept 
with his hands? 4, Has he an analytical, 
broad-visioned mind? This is a field that 
requires clear and creative thinking. 5. Can 
he make up his mind quickly? He'll have 
to. Men's tee may depend on it 


Just recently, a young mining engineer 
was walking through a passageway down 
in a coal mine when his nose picked up a 
trace of gas. He didn't stop to talk. In- 
stantly, he ordered the mine cleared, If he 
hadn't, eighty-odd men would have prob- 
ably been fatally gassed. 

6. Is the boy in good health and does he 
have a robust constitution? Both are vital 
7. Does he have a sense of adventure and 
does he enjoy outdoor life? If he doesn't, 
he's going to be a fish out of water. 8, Does 
he get along well with people? In this in- 
dustry, he has to be a team player. 


Now we reach the question of how a 
boy obtains his training for the mineral 
industry. It’s not easy. I must tell you that. 


High grades—a boy should be at least 


THIS ADVERTISEMENT WILL APPEAR IN COLLIER'S, MAY 25; 
SATURDAY EVENING POST, MAY 26; 
LADIES’ HOME JOURNAL, JUNE; AND SCHOLASTIC, SEPTEMBER 27. 


in the upper half, preferably the upper 
third of his high school class—are essen- 
tial for entrance to a good college. And, 
an extensive grounding in mathematics, 
chemistry and physics is imperative, 


What college should a boy go to? 


The boy thinking of geology solely as a 
pure (rather than as an applied) science 
can go to practically any college with a 
well-rounded scientic course. Not so the 
boys interested primarily in the engineer- 
ing aspects of the mineral industry. They 
should enter a college offering specitic en- 
gineering courses in mining, metallurgy, 
petroleum and the related professions 


The courses vary in length. Some of 
them run four years, others five. All of 
them are difficult. At least, they require 
serious and persistent work, Which is as 
it should be. Only a fully-prepared man can 
get ahead in the nina industry today 


Is it expensive to secure an education? 


It's not cheap, Tuition, books, board and 
other campus expenses should cost the 
average boy between $1,000 and $1,500 a 
year, However. this doesn't mean that a 
boy without that much money is barred. 
If he wishes, he can try for a scholarship 
Most colleges give many. So do a number 
of industrial companies, And he can work 
his way through school. I did. | wish I had 
a dollar now for every furnace I stoked 
while I was at college. 


Of one thing I'm sure. It's worth a 
struggle to get into this field. For the boy 
with ability and interest, who is willing to 
work, the future is unlimited 


HOW TO HELP YOUR CHILD 
HAVE THE CAREER HE WANTS 


Many factors will enter into your child's choice 
of a career: his interests, his ambitions, bis 
abilities, the counsel he veceives from teachers, 
friends and family. But, most of all, it will 
depend on bis opportunities to get the training 
he needs to enter the field of his choice, 


Even though his college days are still years 
away, it's never too soon to start making sure 
that your child will have the opportunity to 
continue his education when the time comes, 


Your New York Life agent has chosen as bis 
career the business of he lping families plan for 
the future—for education, for retirement, for 
all the things which life insurance helps make 
possible. Through training and experience he 
has become a highly qualified specialist. You'll 
find him both able and willing to help you. 


NEW YORK LIFE 


Insurance Company 


Dept. ME, 51 Madison Avenue, 
New York 10, N. Y, 


The New York Life Agent in Your Community 
u 4 Good Man te Know 


Copyright 1956, New York Lift lnmrancaa Company 
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ALLIS-CHALMERS 
SCREEN 


for the 


Here is an extra heavy duty screen engineered to team up with 

primary crushers in handling the toughest job in any mining flow. 

Design features of this rugged screen include a cartridge-type, oil- 

lubricated mechanism with giant size bearings and a 12-inch I-beam 

Performance proved on in channel-constructed top deck support frame. The bearings, 
the Mesabi range . . . largest ever installed in a vibrating screen, are designed for long 
one of the toughest test- term service under heavy load conditions. The sturdy channel 
ing grounds in the world construction of the screen deck support frame can withstand 
; the impact of single pieces weighing as much as 8000 pounds. 


Reduced Maintenance — Simplified two-bearing, cartridge- 

contained mechanism can be pulled out after removing 

sheave and four bolts. Large size bearings mean extended 
life, less frequent replacement. 


Vibration Isolation — Standard design includes multi- 
unit vibration isolators — two per corner, each with 
an inner and outer spring arrangement. Vibration 
to building or structure is isolated even when mate- 
rials adhere to screen. A-5051 


For complete information, see your A-C representative or write 
for Bulletin 07B8368. Allis-Chalmers, Industrial Equipment 
Division, Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS 
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Reagent 

tolmprove Filtration 
and Settling by Powerful 
Flocculation at any pH 4 : 


Study the photomicrographs above. Note how the 
addition of only 0.01 to 0.1 Ib. per ton (0.1 to 5 
ppm in dilute suspensions) of AERorLOc Reagent 
flocculated the finely divided solids. Visualize how 
such powerful flocculation can improve filtration 

and settling at your mill. 


In settling operations AfRorLOc Reagents speed 
up and effect more complete settling of both valuable 
concentrates and plant tailings or leach residues, 
thereby conserving values previously lost to thickener 
overflow or reducing solids content of plant effluents, 


As a filter aid in operating plants, AEROFLOC 
Reagents increase filtration rates, make filter cakes 
firmer and more porous, help prevent blinding of 
filter cloth and increase washing case and efficiency. 
In new and existing plants AgrorLoc Reagents 
can reduce capital expenditure by increasing the 
capacity of existing thickening and filtration installa- 
tions or reducing size of new units required. 

Three Reagents are available—#548, 
#552 and #3000. The latter is especially recom- 
mended for acid pulps, but is also very effective in 
alkaline systems. But we suggest that you test all three 
because it is not possible to predict accurately which 
will perform best in any given application. 


AFTER ADDING AEROFLOC REAGENTS 


AMERICAN CYANAMID COMPANY 


MINERAL DRESSING DEPARTMENT 
30 ROCKEFELLER PLAZA, NEW YORK 20, NEW YORK 
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Mine and Smelter has specialized in the design, 
manufacture and application of Marcy Mills since 
1915. The extensive research and experience dur- 


1. By addition of a grinding stage 
Adding Marcy Open End Rod Mills between exist- 
ing crushing and grinding circuits... 
@ Permits larger size crusher discharge, thus greatly increases 
crushing capacity 


Rod mill can take 1” feed and produce a higher percent- 
age of finished product than crusher 


@ Rod mill provides finer feed for ball mills, increasing their 
capacity 


Permits recovery of liberated mineral at coarser size 


MARCY EXPERIENCE 


WITH 2-STAGE GRINDING 
Increases tonnage at lower cost 


Experience has proved two successful ways of using Marcy Open End Rod Mills 
for 2-stage grinding... 


Operating experience has proved that use of Marcy Open End Rod Mills 
for 2-stage grinding will increase tonnage at lower overall cost per ton 


ing this time has resulted in many refinements in 
the grinding process. One of the most significant 
developments is 2-stage grinding. 


2. By replacing fine crushing 


Replacing fine crushing with Marcy Open End Rod 
Mills gives all the advantages listed under No. 1, 
in addition to eliminating the high operating and 
maintenance costs of complex circuits of crushers, 
rolls, screens, elevators, etc. 


This graph shows increase in mill capacity with de- 
crease in size of feed. For example if a rod mill was 
used to decrease ball mill feed from 1” to 4 mesh the 
ball mill capacity would be increased 45%. 


Supply 


DENVER * SALT LAKE CITY * EL PASO * NEW YORK _ 


Representatives in Foreign Countries 


; 


This large copper company installed a 912’ x 12’ Marcy 
Open End Rod Mill in parallel with its 2-stage roll-screen 
circuit. As a result of this test 17 Marcy Rod Mills were in- 
stalled to replace all roll-screen circuits. Rod Mill feed is 
1%" hard ore; grind is to 4% + 10 mesh; tonnage up to 
2700 tons per day, each mill. They reduced costs and 
improved operating conditions. 


FOR ACTUAL OPERATING 
DATA ON 2-STAGE GRINDING 
<——— WRITE, WIRE OR CALL 


é 
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This Allis-Chalmers Crawler Tractor 
MAKES A TIDY PROFIT 
THEN LEAVES A TIDY LANDSCAPE 


The marked trend toward land recla- 
mation is placing more and more im- 
portance on the crawler tractor. For 
only the crawler tractor is flexible 
enough to pay its way through all 
stages of open pit operation. 

Here, the Allis-Chalmers HD-16 
proves to be a real efficiency expert as 
it demonstrates its usefulness both dur- 
ing and after an area has been worked. 


Before production begins, the HD-16 strips and stockpiles over- 
burden. If distance from pit to stockpile is too great for dozer 
operation, this versatile crawler teams up with a pull-type scrap- 
er for this initial job 


During mining operations, the HD-16 is always busy. It builds 
and maintains haul roads, feeds hoppers and conveyors, maintains 
stockpiles, skids heavy equipment, handles drainage problems, is 
ready and able wherever a push or pull is needed. 


After the area has been worked out, the rec- 
lamation job begins. Overburden and waste, 
which have been stockpiled by the busy 
dozer, are now pushed into the pit and lev- 


ALLIS-CHALMERS HD-16 


your choice of two outstanding drives 


eled off quickly. Reclaimed area can then be ewe. Weight, 
seeded for pasture, subdivided, or developed Torque Converter Drive 150 net engine 31,400 Ib 
into some other form of usable land. Standard Transmission Drive 131 belt 31,500 Ib 


CONSTRUCTION MACHINERY DIVISION, 
MILWAUKEE 1, WISCONSIN 


plus new, longer truck frames, long-life track. straddle-mounted final drive, 
easier servicing . . . many other outstanding features. 


Write for literature or get the full 
story from your Allis-Chalmers = 
dealer. 
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This big new CAT* D9 Tractor ‘dozes over 600 yds. 
per hour over a 100-ft. push. Its No. 9A blade han- 
dles 12 to 15 yds., trench-dozing on a 30% favorable 
grade, Material is shale base course for a haul road 
at Monsanto Chemical Co.'s Soda Springs, Idaho, 
phosphate mine. 


Like all Cat-built equipment, the new D9s are engi- 
neered to do more work with less down time at low cost. 
Morrison-Knudsen Company, Inc., owns this and other 
giant Turbocharged 286 HP D9s here, purchased be- 
cause of previous experience with Caterpillar equip- 
ment. The company also has Caterpillar D8 Tractors 
on this job, 


The D9s are working in the phosphate beds of 
southern Idaho, largest known deposit in the world. 
The giant yellow “Kings of the Crawlers” strip over- 
burden, which varies from 6 ft. to 10 ft. in depth, 
and feed ore to the shovel. These great new yellow 
machines are the product of many thousands of hours’ 
testing on proving grounds and actual construction 
and mining jobs. 


NEW DS TRACTOR 
Moves more than 600 cubic yards of shale per hour! 


The D9 is tough and traditionally Caterpillar from 
its completely new, 4-cycle engine with Turbocharger 
to its “water quench” hardened track shoes. It’s avail- 
able with direct drive or torque converter for speeds 
to 7.8 MPH. Operators report it fast and easy to 
handle, with hydraulically boosted steering and brakes, 
“in-seat” starting, and smooth “live shaft” drive for 
cable controls. 


It all adds up to the “workingest” tractor ever built. 
See your Caterpillar Dealer for details on the D9 with 
No. 9A or No. 9S Bulldozer blades. 
him for fast, skilled service and Caterpillar parts you 
can trust, 


And count on 


Caterpillar Tractor Co., Peoria, Illinois, U.S. A. 


CATERPILLAR’ 


and Cat are Registered Trademarks of Caterpitie: ator Co 


Steel Bolts in Mine Roof Support 


by J. L. Humphrey 


The origin of roof bolting is obscure, but is 
believed to have begun some 40 years ago in 
the mines of St. Joseph Lead Co. in southern 
Missouri. It was not until after World War II, 
and more particularly after 1949, as a result 
of the concentrated effort of the USBM, that 
roof bolting attracted widespread interest. 


It is estimated that at the end of 1954, 26 
pet of all bituminous coal mining in the U. S. 
was being done under roof bolts. Those mines 
alone use nearly 2,000,000 roof bolts per 
month, according to USBM statistics. Uses in 
metal mines are increasing rapidly, as con- 
fidence and knowledge grow. The application 
has found equal success in other fields, such 
as tunneling work for dam and waterway con- 
struction and right of way maintenance on 
highways and railroads. 


Analysis of USBM statistics for the fiscal 
year 1953-1954 reveals startling conclusions 
in regard to mine fatalities due to roof falls. 
On the basis of comparative accident fre- 
quencies, rating the number of accidents per 
million tons of coal mined, it would appear 
that 163 fatal accidents in bituminous coal 
mines during the fiscal year would have been 
avoided, if all bituminous coal mining had 
been converted to the use of roof bolts. The 
advantages in control of roof in hard coal and 
metal mining are equally impressive. 


Steel bolts, properly installed, can provide 
an effective, safe, economic method of roof 
control in almost any underground opening. 


HE greatest number of fatalities in U. S. under- 
ground mines are caused by roof, face, and rib 
falls. Fifty-eight pct of the 370 deaths in bituminous 
coal mines in fiscal 1953-1954 were attributable to 


J. L. HUMPHREY, is Manager of Industrial Fastener Sales, Beth- 
lehem Pacific Coast Stee! Corp. 


that cause alone. Yet frequency of roof fall fatalities 
in mines using steel roof bolts for primary roof con- 
trol is one fifth that for mines using conventional 
timber support.” Because of that safety advantage 

*U. 8S. Bureau of Mines reports, for fiscal 1955-1054, 0.257 fatal 
roof fall accidents per million tons of coal mined under roof boits, 


1.33 fatal roof fall accidents per million tons of coal mined where 
timbers alone are used for support 
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Suspension of layers from firm strata above. 


and other features, extensive research has been done 
on roof and rock bolting by the mining industry, the 
U. S. Bureau of Mines, and steel manufacturers. 

Theories as to support gained through bolting a 
roof vary with the type of mining and the ground to 
be held. In bedded structures the leading theories 
are: 

1) The various layers of friable slate, coal, and 
shale are suspended by bolts driven into more sub- 
stantial overlying strata. (Similar in principle to a 
suspension bridge.) 

2) The various bedded planes are bolted together 
to form a laminated beam which prevents the roof 
from falling. 

In unstratified formations two of the theories ex- 
plaining the success of roof bolting are: 

1) Any unsupported opening underground will 
gradually slough off rock until an arch contour is 
formed in which stresses are compressive. The 
spalling which occurs until a caved arch contour is 
reached results from tensile stresses in the back, or 
roof, which exceed the tensile strength of the rock 
(normally 2 to 10 pet of compressive strength). 
When roof bolts are used long enough to anchor in 
the natural arch, tensile stresses in the back are 
balanced and the rock will not slough off. 

2) Each rock bolt in fragmented formation has 
the effect of squeezing together the rock fragments 
in a spherical zone around it so that a solid mass is 
formed. A ring of these rigid blocks around the 
perimeter of the opening acts as a masonry arch and 
the blocks support themselves 

In all these theories the primary benefit of bolting 
is to supplement tensile properties of the natural 
rock structure, Bolting provides a reinforced rock 
lining with increased resistance to shearing move- 
ment due to the elastic properties of the steel rein- 
forcing. In each case, when roof bolts are installed 
as soon as possible after the opening is made, the 
surface of the rock is put in compression, limiting 
the effect of elastic rock expansion by preventing 
the opening of cracks, joints, and cleavages that 
would be subject to chemical deterioration from air 
and moisture. 

In practice, an underground opening that can be 
held with conventional timber or steel sets can usu- 
ally be held with mine roof bolts, and in many cases 
bolts have been successfully used where conven- 
tional supporting methods failed. 

Roof Bolt Types: Roof bolts are manufactured 
commercially in several standard types. One common 
type is 1 in. in nominal diameter with a 1/16 to %x- 
6-in. slot in the anchorage end and 5 in. of standard 
thread on the other. Bolts are anchored by means of 
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Bolting planes together to form a laminated beam. 


a wedge driven in the slot during installation. The 
breaking strength of installed bolts ranges from 36,- 
000 to 42,000 lb. Bolts are available in lengths from 
2 to 10 ft, with threads produced by either roll 
threading or cut threading. Extensions and couplings 
are available for making up any desired length. 

Another common type uses an expandable metal 
shell to provide anchorage. Normally %-in. diam 
mild steel bolts or %-in diam high strength bolts 
are used. Bolts are threaded for 3% in. to 4% in. on 
the anchor end to facilitate tightening the expansion 
shell. An unchamfered regular square bolt head is 
forged on the other end, with forging flash left on to 
provide additional bearing surface. The breaking 
load when anchorage is sufficient to develop the ulti- 
mate strength of the bolt is 22,000 to 28,000 lb. Bolts 
are available in lengths from 2 to 8 ft, with threads 
produced by either roll threading or cut threading. 
Special extensions and couplings are available to 
make up any desired length. 

Many other types of supports have been tried in 
mines, particularly in the early stages. One mine in 
the Coeur d’Alenes is still employing a wooden pin, 
using wedges for tightening on both the anchorage 
and tunnel ends of the pin. 


Slotted bolts used with square washers in roof of coal mine. 
The ideal bolt where maximum strength is desired. 


on 


Seu 


Suspension of tensile zone from natural arch. Dash line 
indicates approximate contour of natural arch. 


Regardless of the type of bolt used, bolting should 
be included in the regular mining cycle so that roof 
is always supported as soon as possible after it is 
exposed. 

Two general types of expansion shells are avail- 
able: self-supporting and those requiring forged ears 
on the bolt to hold the expandable portion of the 
shell in position. Self-supporting shells have a bale 
over the top which holds the expanding portion in 
place as the plug is pulled down in tightening. 

To protect threads and to speed installation, many 
manufacturers ship bolts with shells assembled on 
the thread. Special keyhole and T-hole washers have 
been devised so that it is not necessary to remove 
the shell to place the plate washer on the bolt. The 
large hole of the keyhole washer permits the shell 
to pass through, while the T-hole plate is designed to 
be slipped over the headed end of the bolt after it 
has been partly inserted in the drilled hole. The 
latest development, however, is a plate with a 
1%-in. hole. The bolt head is then made with a self- 
centering collar and a large head or a washer is used 
under the bolt head. 

Bolting Patterns: Bolting patterns vary with rock 
conditions. A typical pattern in a 16-ft opening in a 
coal mine would be four bolts per row, spaced 4 to 5 
ft in direction of the advance. The two center bolts 
would be driven vertically, or normal to the plane of 
the structure, while the outside bolts might be angled 
out about 30° to obtain anchorage over the rib. A 
steel angle washer is used to provide a bearing sur- 
face normal to the angled bolts. 

In unstratified ground a pattern might consist of 
bolts driven in rows every 4 or 5 ft, one bolt vertic- 
ally in the back; two bolts on each side, 4 ft from the 
center bolt, at a 15° angle: two additional bolts 4 ft 
down the side at a 30° angle. Special cast iron or 
steel beveled washers are used in that type of bolt- 
ing to correct for angularity of the bolt, to bring the 
bearing plate parallel to the rock’s surface. 

In larger openings, such as motor rooms, inter- 
sections, and shaft stations, random pattern bolting 
is often employed. A typical pattern would find bolts 
installed on 5-ft centers in both directions. To pro- 
vide further stability and to minimize deterioration 
from moisture and air, permanent installations may 
be gunnited after bolting. 

Beams and Roof Ties: To increase the bearing area 
absorbing the load from the bolt and to control 


Area around each of the bolts squeezed together to form 
blocks acting os a masonry arch 


spalling between bolts, stee! channels, usually 4 in 
at 5.4 lb per foot or 5 in. at 6.7 lb per foot, or steel 
mine roof ties are used in place of mild steel plate 
washers. Wooden headers are used for the same pur- 
pose; however, gradual failure of the wood results 
in loss of bolt tension, destroying part of the effec- 
tiveness. Channels and roof ties are provided with 
holes punched for the spacing of bolts used in the 
particular formation. Holes are made large enough 
for either wedge or expansion shell to pass through 
Special small plate and angle washers are used to 
distribute the load from the bolt to the channel or 
tie. In coal mines channels can be installed from rib 
to rib. In nonbedded structures they are more diffi- 
cult to employ in long lengths. Roof ties, on the other 
hand, are flexible and can be adapted to surface 
irregularities of almost any ground condition 

Anchorage Capacity and Bolt Loading: The USBM 
has developed testing procedures to determine the 
length and type of bolt that should be employed and 
to measure the possibility of anchoring bolts in any 
given underground opening. From test results and 
experimentation, the spacing or pattern necessary 
to obtain the support desired is determined 

Measurement of anchorage capacity is obtained 
by pulling installed test bolts with a hydraulic pull 
tester. The tester is attached to the end of a bolt in 
the roof with the hydraulic jack bearing against the 
roof around the bolt, and load is applied until de- 
sired values are reached, or until slip occurs. Test 
results indicate the type and length of bolt that 
should be used to obtain maximum anchorage for 
the given rock conditions 

Danger of overloading the bolt with the impact 
wrench used in tightening during installation has 
led to establishment of safe limits of initial loading 
Overloading may not be apparent, and an unsound 
roof may go unnoticed unless proper procedures are 
strictly adhered to 

USBM tests have established the ratio of tension 
in pounds to torque on the nut or bolt head: 

For 1-in. slotted bolts, tension equals 42.5 torque- 
1000.’ 

For %-in headed bolts, tension equals 39.8 torque.’ 

Tests made by Bethlehem Steel Co. indicate wide 
variation and values in general lower than this un- 
less hardened washers are used under the bolt heads, 
in which the case the tension-torque ratio is 60 for 
%-in. bolts and 80 for %-in. bolts 


MAY 1956, MINING ENGINEERING—493 


\ 
~ 
? 


Recommended Roof 


Bolt Installation 


Procedure 


Installation Sequence 


Slotted type roof bolt: 


1, Hole is drilled with stoper to depth 1% to 3 in. 
shorter than bolt to be installed. Finish bit should 
be 1% in. diam. 


2. Back of hole is sounded with rod or bolt to 
insure soundness. 


3. Wedge is inserted into end of slot of bolt. 


4. Bearing plate is slipped over threaded end of 
bolt and nut is screwed on thread so that about % 
in, of thread protrudes from nut. 


5. Bolt with wedge inserted is started into the 
hole and threadless dolly fitted into threaded end 
of the bolt. 


6. Bolt is driven to refusal with stoper. Driving 
bolt upward forces legs of slot over wedge and into 
surrounding rock, providing anchorage. 


7. Nut is tightened with impact wrench to ap- 
proximately 350 ft-lb torque. 


8. Bolt is struck with rod or hammer. Experi- 
enced operator can tell by ring if bolt is tightened 
properly. Spot checks for tightness should later be 
made with torque wrench. 


Wedges used with 1-in. bolts are usually %x%&x% 
or 6 in. long. Plates are normally 6x6 in. or 8x8x% 
or 1% in, thick, with hole centrally punched. 


Headed type bolt with expansion shell: 


1. Hole is drilled slightly longer than the bolt to 
be installed. Finish bit size should be 1% in. for 
most expansion shells. 


2. Bearing plate is assembled on bolt and expan- 
sion shell threaded on end of bolt. 


3. Bolt is inserted in hole and turned to engage 
shell with sides of hole. As bolt is turned, plug of 
expansion shell is drawn downward, forcing the 
expandable sides outward into the rock, providing 
anchorage. 


4. Bolt is tightened with impact wrench and test- 
ed by measuring torque with torque wrench. 
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For practical purposes a ratio of 40 to 1 may be 
used. Tests indicated that manufacturing methods, 
type of thread lubrication, type of bearing plates 
used, roof strata, and other factors appreciably affect 
the ratio. 

For commercial l-in. bolts the advised limit of 
installation torque is 350 ft-lb, or 14,000 lb. Tighten- 
ing of %-in. headed or expansion shell bolts pro- 
duces torsional (shear) stresses in addition to ten- 
sion, lowering the tensile load at which yield may 
occur, and a limit of 200 ft-lb, or 8000 lb is advised. 

The torque necessary to turn the nut or the head 
of the bolt can be read with a dial-type torque 
wrench. Provided that threads are free from rust 
and a straight pull is exerted, a true indication of 
load on the bolt can be obtained. Bolts should be 
spot checked after installation even though impact 
wrenches can be set for the desired driving torque. 

Periodic spot checks should also be made in 
permanent drifts and accesses to detect any shifting 
of load. Unless the bolt is in tension, it is not pro- 
viding adequate support. Loosened bolts should be 
retightened to insure that rock surface is held in 
compression. 

Problems of Bolt Use: In addition to torque limita- 
tions, adherence to prescribed patterns and the size 
and depth of the hole drilled to install the bolt are 
of utmost importance. Successful bolting requires 
strict adherence to prescribed procedure: 

1) A hole of accurate depth. A shallow hole does 
not allow sufficient takeup on the thread. A hole too 
deep does not atow proper wedging or tightening. 
For bolts using %-in. or %-in. plates, or washers, a 
hole 1% to 2 in. shorter than the bolt is prescribed. 

2) Tight, hard material at the back and sides of 
the hole. Since the wedge is driven against the back 
of the hole, it must be sound to provide good an- 
chorage. 

3) A hole 1%-in. diam, finished size. A hole too 
large does not allow enough bite for the legs of the 
slot when they are wedged out. Thicker wedges may 
be used if holes are oversize. 

Diameter of the hole drilled and protection of bolt 
threads and expansion shell are of primary impor- 
tance for proper anchorage of the headed-type bolt. 
Protection is afforded by shipping and storing bolts 
with the expansion shell assembled on the bolt. 

Very good results are obtained where the hole at 
anchorage depth is of the prescribed size, usually 
1% in. A larger hole reduces both anchorage capac- 
ity and effectiveness of the expansion shell. Most 
shell types are sufficiently strong to break a com- 
mercial steel bolt if the hole is drilled to the proper 
diameter and the rock structure is firm. 

Metallurgical and Manufacturing Practices: Since 
the ratio of initial loading to ultimate tensile 
strength is low, steel] manufactured for mine roof 
bolt application requires close adherence to speci- 
fications to insure sound and uniform product. Com- 
mercial steel bolts are made from new billet steel to 
meet Spec. A-306, latest issue, American Society of 
Testing Materials. Grades 60 or 65 are for regular 
strength and grade 80 for high strength bolts. 

To meet that specification and to supply proper 
steel for end use requires special control of the raw 
materials making up the charge to the open hearth 
furnaces. 

Deoxidation practice is directed toward producing 
homogeneous structure. Killed steel is normally ap- 
plied to provide uniformity throughout the cross- 
section of the rod. Special discard is usually neces- 


Slotted bolts with square wash- 
ers are shown. Headed type of 
bolts with shells con be used 
in the same manner. 


sary in billet rolling practice to insure removal of 
segregation and pipe. 

Bars for roll-threaded mine roof bolts must be 
produced to closer than standard mill tolerance, for 
the rod diameter must be within the pitch diameter 
tolerance for the thread to be produced in order to 
insure uniform thread. Roll threading, the formation 
of a thread by rolling the steel through grooved dies 
that imprint the thread form in the steel, increases 
the physical properties of the steel by cold-working 
the metal. The resultant thread is stronger than a 
cut thread of equal size and offers improved thread 
surface properties. As the threaded portion of mine 
roof bolts is normally the point of smallest cross- 
section, a roll-threaded bolt offers equal, or greater, 
strength with decreased weight of steel. 

The slotting operation must also be closely con- 
trolled to maintain maximum cross-section in the 
rod. Burned slots should be kept to minimum width 
(% in. or less) and burner adjustment must be opti- 
mum to blow all slag from the cut. With careful con- 
trol of torches and gas, and ideal cutting conditions, 
curfs 1/16 to 3/32 in. thick can be produced on 1-in. 
rods. Forged slots are advantageous, since no metal 
is removed in the slotting operation and the slot is 
automatically centered. 

Assembly of shells or nuts on the bolts prior to 
shipment not only offers savings in installation time, 
but insures proper fit between the two parts. Final 
inspection for defective product is accomplished 
when bolts are bundled for shipment. 


Advantages of Roof Bolting 

Use of roof bolts instead of conventional timber 
sets offers many advantages, both from the safety 
and cost standpoint: 

1. Safer, more assured roof control. By system- 
atic bolting before any sag has taken place and by 
providing sufficient tension in the bolts, roof sag can 
be limited and roof falls almost eliminated 

2. Lower handling and timbering costs. Reduc- 
tion of timber in the mine reduces fire hazard. 

3. Less storage space required. 

4. Cleaner ore and coal through better control of 
sloughing of waste rock. 

5. Reduced danger to men from falls caused by 


blasting and accidental dislodging of timber posts 
Danger from falls in event of train wrecks also 
lessened. 

6. Increased head room and side clearance due to 
absence of timbers, resulting in increased productiv- 
ity. 

7. Availability of bolts for hanging air, water, 
and messenger lines. 

8. Increased height of working face. Timber sets 
limit roof heights to approximately 14 ft before 
buckling of the legs becomes a problem. Roof bolts 
allow increased height and, therefore, increased re- 
covery of coal or ore. (One Utah coal mine is now 
mining the full depth of a seam 25 to 30 ft thick, re- 
moving 80 pct of the coal. Previous recovery limited 
to only 14 ft of the seam depth was estimated at 40 
to 45 pct.) 

9. More permanent support. Bolts are estimated 
to last 20 to 40 years, depending on corrosive con- 
ditions. 

10. Reduced sloughing of rock caused by attack 
of air and water. Fractures and faults are kept from 
opening. 

11. Decreased excavation costs. Openings need 
not be made larger than working space required. In 
one Butte mine of the Anaconda Co., 2500 ft of 
recent development was accomplished with 37 pet 
less excavation than would normally be required 
Handling 10,000 tons of broken material was 
avoided through the use of roof bolts." 

12. Decreased ventilation costs through reduced 
resistance to air flow. One mine reports that a single 
ventilation unit now handles two levels, where one 
unit per level was required with conventional tim- 
bering. Estimated cost per ventilation unit-—-$70,000 
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Platinum 
Mining 
In 


Colombia, 
South 


America 


by Patrick H. O'Neill 


HE Choco placers, mined continuously since 
the earliest expeditions of the Spanish con- 
quistadors, were exploited by the Indians prior to 
the conquest. Platinum is found in varying percent- 
ages with gold throughout the Choco placers and is 
found in minor percentages in some placers in other 
parts of Colombia. The Choco Department is on the 
west coast of Colombia between the western range of 
the Andes and the Pacific Ocean and extends from 
the San Juan River north beyond Panama to the 
Caribbean. 

The first reference in European literature to plati- 
num was by Julius Caesar Scaliger in 1557. He did 
not assign any name to it but referred to it as an 
infusible metal found in the mines in the New 
World. The Spaniards had given it the name platina, 
which is the diminutive for plata, the Spanish word 
for silver. Don Antonio de Ulloa first recorded the 
name while on an official visit to the Choco from 
Spain in 1735. 

Although the Spaniards, at that time, considered 
the metal infusible and worthless, there is ample 
evidence that the pre-Inca Indians manufactured 
platinum jewelry. Many ornaments and pieces of 
jewelry that are a crude alloy of platinum and gold 
have been found in old tombs near Esmeraldas in the 
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northern part of Ecuador. In a report by Paul Berg- 
soe of Copenhagen on the metallurgy and technology 
of gold and platinum among the pre-Colombian In- 
dians, he arrived at the conclusion that the Indians 
did not have the means to fuse platinum but that by 
mixing grains of platinum with gold dust and heat- 
ing with a blow pipe on charcoal, the fused gold 
would permeate the platinum and simultaneously 
the platinum would dissolve to some extent in the 
molten gold. Repeated forging and heating would 
gradually produce an homogeneous mixture which 
would then be worked into the desired shape of the 
ornament or jewelry. Had the Spaniards known the 
Indian method, the entire history of platinum would 
undoubtedly have been much different. 

The properties of platinum were first discovered 
in 1750, and a French chemist, Chabaneau, dis- 
covered a commercial process for working platinum 
in 1786. It was not until 1838, when Robert Hare 
developed the oxy-hydrogen blowpipe, that plati- 
num really came into its own for commercial uses in 
the chemical industry. Discovered in Russia about 
1822, platinum was used for coinage until 1845, 
when the coins were worth more than their face 
value. Russia was the largest producer of platinum 
up until the time of the Revolution prior to World 
War I, when production was sharply curtailed. Co- 
lombia then became the principal world producer 
from 1916 to 1923. 
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When first encountered in Colombia, platinum was 
considered by many to be unripened gold. Reports 
are that when it was first sent to Spain, it was re- 
turned to be put back in the ground until it ripened. 

Colombia was the first country to exploit platinum 
deposits and has been a consistent producer, especi- 
ally so since dredging began in 1915. The annual 
production by modern mechanical dredges has sel- 
dom, however, exceeded that of the native miners, 
who are today mining with the same hand methods 
used since the Spanish Conquest. 

Platinum has slightly higher specific gravity than 
gold and occurs in alluvial deposits in small grains 
and flakes, similar to the gold, so it is difficult to 
separate the two metals. Amalgamating the gold 
with mercury facilitates the separation, but the in- 
dividual miners generally could not afford the mer- 
cury. It has been reported that mercury was used in 
the Choco as early as 1720 to amalgamate the gold 
and that for a time it was required to assist in stop- 
ping platinum counterfeiting in gold bars 

With the platinum practically valueless and so 
close in weight to gold, there were many attempts to 
use it for counterfeiting. Coins and bars made of 
platinum were hard to detect by gravimetrical 
methods, and a thin coating of gold, or gilding, gave 
the article the appearance of gold. The Spanish 
doubloons, which were international currency at the 
time, were frequently counterfeited in platinum. The 
encyclopedia of Diderot and d’Almbert, published in 
1744, tells of Holland sailors receiving counterfeit 
coins on the coast of South America and goes on to 
say that they stopped over on their next voyage and 
hanged the traders who had given them the coins 

In 1778 Charles III of Spain ordered that all plati- 
num produced in his American possessions be turned 
into the Royal Treasury. No payment was made for 
the metal and traffic in it was forbidden, so the metal 
was thrown away as it was separated from the gold 
at or near the mines. 

The miners generally rough-panned the dirt at 
the working area and placed the concentrates from 
each pan in a gourd which they cleaned later. They 
either did the cleaning at their houses and threw the 
platinum and black sand out, or did the cleaning 
close to the river and threw the platinum back in 

After platinum became valuable, and especially 
during World War I when the price was very high, 
the local inhabitants started re-panning all the areas 
where they knew or suspected that platinum had 
been thrown out in previous years. In the town of 
Quibdo, the capital of the Choco Department, it has 
been told that the municipal authorities claimed all 
material in the streets for the municipality and 
directed the carrying of the material to the river 
where it was washed, the platinum recovered, and 
the tailings brought back to fill in the streets. All 
the inhabitants in the town dug up the areas under 
and around their houses, and in one instance a large 
house was torn down to wash the material in the 
bricks and under the house. Enough platinum was 
reportedly recovered for the owner to rebuild his 
house and still have a $4000 profit. Many people 
searched for the sites of earlier slave mining camps 
to find the places where it had been thrown away, 
and a few lucky ones were well rewarded for their 
search. Occasionally the dredges have had unusu- 
ally high percentages of platinum in a weekly clean- 
up, which also substantiates these stories, as the 
ratio between platinum and gold is normally very 
constant over large areas. 


At the beginning of World War lI, the price of 
platinum rose to a value slightly higher than that of 
gold. As it became scarcer, due to the drop in Rus- 
sian production, the price soon exceeded $100 an 
ounce. This added considerable impetus to the plans 
for large-scale production that were already well 
under way in Colombia. 

The main platinum area in the Choco was the 
Condoto River, a tributary of the San Juan River 
Exploitation of the Condoto River was handicapped 
by title disputes that arose from a concession grant 
on areas already denounced for mining titles 


How It Happened 


In 1907 General Ciceron Castillo, who had been an 
important general during the War of One Thousand 
Days, was granted a concession for mining the Con- 
doto River by General Rafael Reyes, the President of 
the Republic. Castillo formed a company for this 
purpose in Bogota, took a prospect drill into the 
property and opened a small hydraulic operation 
His operation was not very successful, so he asked 
General Reyes for permission to sell his concession 
to a foreign firm. General Reyes agreed, but with the 
understanding that such capital should be European 

Castillo promoted the property to Consolidated 
Gold Fields in England, and the Anglo-Colombian 
Development Co. was formed to buy the Castillo in- 
terest. In 1911 and 1912 the area was drilled and 
shafted and other properties were acquired. The 
camp was established in 1912 at Andagoya, dredge 
parts were brought from England in 1913, and the 
dredge started digging in July 1915 in the Condoto 
River. Then the disputes over titles began because 
other individuals also claimed title to the Condoto 
River through the denouncement of mines prior to 
the time the concession was granted to Castillo, One 
was Henry Granger, who had been in Colombia 
since 1889 exploring and prospecting the rivers of 
the Atrato and San Juan drainages. Granger had ob 
tained title to large areas that he considered dredge- 
able. One of these areas was the Condoto River, from 
the mouth up to an island known as Bazan. Two 
local men, Antonio Asprilla and Jose Mayola, had 
denounced mines from the Island of Bazan upstream 

Henry Granger, backed by the Lewisohn interests 
of New York, formed the Pacific Metals Co. After 
some suspension of operations by court order, the 
Pacific Metals and Anglo-Colombian companies set- 
tled their dispute and South American Gold & Plati- 
num Co. was organized in the U. S. as a holding 
company with a subsidiary, Compania Minera Choco 
Pacifico, as an operating company in Colombia 

About this same time the British Platinum & 
Gold Corp., formed in Londen, brought a small 
dredge to the upper Opogodo River, a short distance 
away from the Condoto operations. Since the area 
between the Condoto and the Opogodo was known to 
be rich in platinum, the two companies immediately 
started haggling over the properties in that area 
Both companies had applied for titles to certain 
areas at the same time. In order to keep possession, 
they each had miners working by hand in the area 
A court decision was finally made in favor of South 
American Gold & Platinum Co 

At the same time, the British Platinum & Gold 
Corp. made a deal with Asprilla and Mayola for their 
mines above the Island of Bazan in the Condoto 
River, and a legal dispute started over that area 
again. The Supreme Court, however, handed down a 
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decision recognizing the Castillo concession. The 
British Platinum & Gold Corp. then had no place 
to work their second dredge, which had just arrived, 
except in a small area on the side of the river that 
was excluded from a large area controlled by South 
American Gold & Platinum Co. The dredge dug only 
a few months when it accidentally turned over and 
sank, and it has lain there half submerged ever since. 

The first dredge of the British Platinum & Gold 
Corp. dug for several years in the small area that 
they had near Opogodo. Production was never very 
large, and although the dredge was in good ground, 
the vibrating screen that it used was not very suc- 
cessful, recoveries were very poor, and the company 
ceased operations in 1927 

Meanwhile, South American Gold & Platinum Co. 
was expanding. It placed a second dredge in opera- 
tion in 1920, a third in 1923, and a fourth dredge in 
1932. A fifth dredge was placed in operation under a 
separate operating company farther south in 1937, 
and a sixth dredge was added in 1938. The original 
dredge built in England was steam-driven with an 
open connected bucket line. It was later rebuilt and 
converted to a more modern style dredge with close 
connected buckets and standard riffled sluices, and it 
was entirely electrified. This dredge has been oper- 
ating steadily and after 40 years is still on the orig- 
inal hull. The hull is at present very thin, however, 
and a false bottom will be installed before the 
dredge is moved to another property next year. 

The second dredge was of American design, simi- 
lar to the California dredges of that time, and was 
diesel electric. This was also assembled in Colombia. 
It made good money for quite some time re-digging 
the tailings of the first dredge. The third dredge 
was constructed in Pittsburgh and towed down the 
Ohio and Mississippi Rivers, across the Gulf of Mex- 
ico, through the Panama Canal and up the San Juan 
River to the Condoto River. It was also a California- 
style electric dredge, The dredge was equipped with 
a boiler that could be either wood-fired or oil-fired 
to drive the generators. Wood was first used, but it 
was difficult to dry the wood in the rain-soaked 
jungle, so oil was generally used. More than 100 
natives worked steadily with their own canoes haul- 
ing the oil upriver three to five barrels at a time. 
They were paid on delivery at the dredge and there 
was no recourse for loads that were lost. 

One of the many difficulties encountered in the 
early years of the company was obtaining enough 
silver coins to pay the natives. The only money they 
would accept was plata vieja, or old silver that was 
a combination of coins from Peru, Mexico, and other 
places, including some shillings. The natives would 
not accept any paper money because they buried 
their money for safekeeping. The plata vieja was 
being removed from circulation and it was neces- 
sary for the company to open a store in Cali to 
obtain the silver to pay the natives until they 
learned to accept the new Colombian currency 

A hydroelectric plant was built between 1922 and 
1925 about 30 miles north of the operations on a 
tributary of the Atrato River. The plant is a lowhead 
plant built where the Andagueda River doubles back 
upon itself leaving only 325 ft between the legs of 
the U with a 14-ft difference in elevation. The 2000 
kw produced by the hydroelectric plant was later 
augmented by a diesel plant at Andagoya. 

All the dredges have been rebuilt and modified 
several times in an effort to meet rising costs with 
increased capacity and improved performance. For 
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example, the second dredge originally had 5-cu ft 
buckets and dug at 22 buckets per min. The bucket 
size has since been increased to 7 cu ft and the speed 
increased to 34 buckets per min. Instead of the 100,- 
000 cu yd per month for which the dredge was de- 
signed, it now averages close to 300,000 cu yd per 
month. Recovery facilities have not always kept pace 
with the increased yardage but the table area has 
been increased, larger pumps have been installed, 
and the screens and stackers have been speeded up. 
Similar changes have been made in all the dredges. 

Losses have undoubtedly increased to some extent 
during the increases in yardage handled, but with 
the greater capacity it has been possible to dredge 
ground previously too low in tenor. Recent testing 
with a jig unit has shown that most of the values 
being lost can be recovered by jigs and one of the 
dredges is to be converted from tables to jigs very 
soon. Other dredges will be converted later if the 
first modification comes up to expectations. 

The percentage of platinum to gold varies from 75 
pet platinum by weight of total metal in the Condoto 
River to as low as 1 pct platinum in other areas. The 
gold production by the company is larger than the 
platinum in total ounces but generally about equal 
in value, due to the higher price of platinum. 

Designed for digging in the swift rivers, all the 
dredges have tapered bows and sterns, with high 
leads for the bow and stern lines to clear the passing 
river traffic. They are also equipped only with head 
lines for river dredging. A spud was added to two of 
them for inland pond dredging and a third dredge 
will soon be modified. 

The dredges are, for the most part, digging in in- 
land ponds now, as the river areas with dredgeable 
values have mostly been completed. Dredging on in- 
land ponds involves considerable extra expense, as 
the surface rights in Colombia are not included with 
the mineral rights and the surface rights have to be 
bought or leased separately. The surface is either 
virgin jungle that must be cleared by hand, as it is 
too swampy to be worked on with any equipment, or 
it is planted with bananas, platanos, sugar cane or 
some other crop and the crops have to be purchased 
and cleared. 

Hand Work Continues 

Native miners work terrace or bench deposits 
along the rivers. In working the terrace deposits, 
they dig a ditch along the base of a gravel bench or 
terrace to the false bedrock. They then dig into the 
material with iron bars or steel tapered poles, dump- 
ing the dirt into the ditch where the material is later 
washed by rain water. Water is no problem in this 
area, as rainfall averages 300 in. per year. 

Some of the miners make small reservoirs to im- 
pound water for later sluicing, but most of them let 
the rain run-off do the sluicing during the night. 
There is generally enough water the following day 
for cleaning the rocks and panning. Rocks and tail- 
ings are thrown to the opposite side of the ditch after 
the lighter material is washed away, so the ditch 
continues to advance into the face of the workings. 
After several days of sluicing, the bottom of the 
sluice is concentrated by raking with a short stick 
that has hook metal blades on the end. The final 
material is then hand-panned in bateas. 

Native miners are permitted to work anywhere in 
navigable rivers regardless of mining titles. The only 
restriction is that they are not supposed to work 
within 100 meters of an operating dredge. Their 


| 


ABOVE: Dredge No. 6 working 
the main platinum area, Big 
Flat, near the San Juan River 
With 10'2-cu ft bucket capac- 
ity the dredge averages 13,000 
cu yd per day. RIGHT: Big Flat 
area being worked by dredge 
No. 6. Tailing piles which 
show as ripple marks will tend 
to level off and within five 
years will be green, turning 
back to jungle area. 


ABOVE: Lowhead hydroelectric plant at La Vulta, Colombie, 

with capacity of 2000 kw, supplies the main power for 

dredges. Arrows indicate flow of water in the Andraguede 

River. LEFT: Dredge No. 2, with 7-cu ft buckets, maintains 

a 42-ft face below the water and 10-ft face above. Natives 

can be seen cleaning away tree roots and other debris, which 
hamper operation 


MAY 1956, MINING ENGINEERING—499 


- 
4 
| 
4 


work in the rivers is carried on by several different 
methods, Since the rivers are frequently in flood 
stage and a 12 to 24-ft rise is common, considerable 
re-concentrating takes place on the upstream sides 
of the bars and behind large boulders, so they work 
on the upstream sides of the bars when the rivers 
are low. They also work in the rivers in low stages, 
frequently diving to fill their bateas with dirt from 
the bottom of the river. In fairly shallow streams, 
they tie a rock to their backs to help them stay on 
the bottom while they fill their bateas. In rivers 
where the water is over their heads, they use a 
larger rock and release it under water so they can 
get back up. They frequently use a notched log on 
which to climb back out with a heavily loaded batea. 
Many of the divers are women, and it is said that it 
is possible for them to stay under water up to two 
minutes and sometimes longer. 

Frequently the native miners build wing dams out 
from the bank to slow the current in shallow, swifter 
rivers so that they can dive and not become too tired 
fighting the current. In some places they build dams 
across the river and open up small sections at a time 
to sluice off the barren material so that they can get 
down to better values. 

Although the natives are restricted by law from 
working close to the dredges, whenever a dredge is 
in particularly good values, the news travels quickly. 
The miners then become quite a problem, as they 
start working in the face or side of the dredge cut 
and frequently dive down to scoop material off the 
buckets as they are coming up. It is very dangerous 
for them to work around the dredge and the opera- 
tion is handicapped until the proper legal proceed- 
ings are complied with to get the authorities to order 
them away. 

No accurate figures on the number of native 
miners are available, but it is estimated that some- 
where between 20,000 to 25,000 are working. From 
public production and export figures, it is apparent 
that the miners produce approximately as much 
platinum as the dredges. Production and export fig- 
ures are not always accurate because there is some 
smuggling. This was especially so during the two 
World Wars, when Germany needed platinum and 
had agents in Colombia buying from the individual 
miners. Effort was made, of course, by the Allies to 
prevent the platinum from going to the Germans, 
and it was bought by Allied agents from the miners 
during both wars and exported through legal chan- 
nels. During the last war, one Allied agent alone 
was known to have bought approximately $300,000 
worth of platinum from native miners. 

Native miners, of course, must limit their opera- 
tion to areas of high values in platinum and gold. 
The average value of the material the dredges han- 
dle would not be worth the time of a man working 
by hand, since profit depends on mass production. 
Also the dredges recover the metals that are buried 
too deeply for hand mining and the bench deposits 
are purposely left to the native miners, even though 
many of these deposits are included in titles that 
are vested in the company. It is often difficult for 
local people to realize the advantages of an industry 
in their area, 

South American Gold & Platinum Co., instru- 
mental in developing the platinum industry of 
Colombia, has been the largest single producer of 
platinum in Colombia for nearly 40 years. The 
dredging operations, the only large industry in the 
entire Choco, are very important to the economy of 
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the area. The operating companies have established 
schools and medical facilities and have done much 
to improve the health and literacy of the local in- 
habitants. 

The success of the operations under difficult oper- 
ating conditions has depended, to great extent, on 
individuals who directed the activities. The princi- 
pal among these was Newton C. Marshall, an Amer- 
ican mining engineer who worked a year in Panama 
and prospected in Colombia before taking over as 
resident manager at the time the Anglo-Colombian 
Development Co. and Pacific Metals Co. joined forces. 
Mr. Marshall continued in active charge until his 
retirement a year ago. He was greatly aided through- 
out all the legal difficulties in Colombia by H. H. 
Standing, an Englishman who acted as British Con- 
sul in Panama in 1903 and later prospected and 
mined and worked for various firms in Colombia 
prior to starting work for the company in 1917. Mr. 
Standing is still in the employ of the company, and 
although his activities are somewhat restricted by 
failing health, he is still an important adviser and 
consultant on mining titles and other legal matters 
in Colombia. 

There have been many improvements in living 
conditions and transportation during the years the 
company has operated, but the jungle is still dense 
and the rivers treacherous, so the problems of oper- 
ating and moving the dredges are as great as ever. 


Rate of Production 

Although annual production of platinum from 
Colombia has remained fairly constant since 1917, 
its percentage of the world production has dropped 
from 50 pct or more between 1916 and 1923 to less 
than 5 pct in recent years. The world producers, in 
order of production, are South Africa, Canada, Rus- 
sia (estimated figures only), Colombia and the U.S 

The dredging industry throughout the world has 
been hit by rising costs just as other industries have. 
However, these increases have been met and over- 
come to some extent by technical developments and 
improvements that have been continuous since the 
first successful bucket lift placer dredges began oper- 
ating in California in 1898. The placer dredge is to- 
day one of the most highly developed and efficient 
pieces of mining equipment. Many modern dredges 
handle 13,000 to 16,000 cu yd per day. These vol- 
umes, converted to terms generally used in the min- 
ing industry, are approximately 23,000 to 26,000 tpd, 
tremendous tonnages for a floating unit to dig and 
process every 24 hr. 

Improvements in efficiency and capacity have 
made possible the mining of lower grade reserves, 
since operating cost per dredge has been held down 
through improved efficiency, so that the additional 
production capacity has resulted in reduced unit 
costs. Improved maintenance techniques have offset, 
to a large extent, rising material and labor costs. 
Electric welding has been the most important factor 
in reducing maintenance costs on dredges by pro- 
longing the wear-life of large expensive items. 

A change in management of South American Gold 
& Platinum Co. occurred in July 1954. Since that 
time the company has diversified its activities and is 
interested in developing other natural resources both 
in Colombia and in other South American countries 
The company has had many years of successful oper- 
ation in Colombia and continues optimistic about the 
future of private investment both in Colombia and 
in other Latin American countries. 
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HE uranium deposit of Gunnar Mines Ltd. is on 
south shore of Crackingstone Peninsula in the 
Beaverlodge area of northern Saskatchewan. The 
property spans St. Mary’s Channel, a narrow water- 
way separating the mainland from a group of islands 
in Lake Athabasca. 

The mine property, consisting of 12 claims and 7 
fractions, was staked in July 1952 by A. O. Zeemel 
and W. J. Blair. Diamond drilling commenced in the 
fall of that year and continued until the spring of 
1954. In that interval, some 70,000 ft of drilling out- 
lined an orebody plunging from the surface south- 
ward to a depth of 1000 ft below the shore of St. 
Mary’s Channel. The last 9000 ft of drilling was 


through lake ice, and when this was interrupted by 


~E. F. EVOY is Mine Geologist for Gunnar Mines Ltd., Uranium 
City, Sosk 
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OUTER SURFACE OF 
THE OREBODY 


Open pit operation goes ahead despite average winter tem- 


spring breakup, sufficient ore reserves had been es- 
tablished to warrant the present operation. Surface 
drilling was therefore terminated 

The area is underlain by an assemblage of Pre- 
Cambrian metasediments striking N 75° E and dip- 
ping at 45” to the south. The lowermost rock is a fine 
grained quartz-feldspar paragneiss occupying the 
northern and western portion of the claim group 
This is overlain to the south and east by a coarse 
grained well foliated granite gneiss. Near the con- 
tact of the two, but within the granite, is an irregu- 
lar body of syenite that differs from the granite 
gneiss only in the presence of calcite and the corres- 
ponding absence of quartz. The northeast corner of 
the syenite mass is brecciated and mineralized 

The ore consists of disseminated pitchblende and 
secondary uranium oxides in the brecciated syenite 
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Longitudinal section of Gunnar orebody and open pit, looking east. 


Associated gangue minerals are virtually absent, 
although much of the ore and surrounding rock is 
stained red with sooty hematite. As a consequence of 
the hematite discoloration, the color of the ore may 
vary from pink or gray to brick red. Similarly the 
texture may vary from coarse grained granitic to 
finely granular, depending on the degree of breccia- 
tion of the syenite. The granular ore is usually 
porous, the granitic variety frequently vuggy, due 
largely, it is believed, to partial leaching of the cal- 
cite, However, none of these features, color, texture 
nor calcite content, is sufficiently diagnostic of the 
ore. Since the pitchblende is commonly invisible 
megascopically, it is seldom possible to distinguish 
between ore and unmineralized syenite except with 
the aid of a radioactivity detector. 

Orebody: The orebody is an irregular pipe-shaped 
mass outcropping at the surface and plunging south- 
ward at 45° for a known length of 1400 ft. It has a 
maximum diameter near the surface of about 450 ft. 
Between depths of 250 and 350 ft, the horizontal 
configuration changes from roughly circular to figure 
eight shaped. The north circle of the 8 becomes 
smaller and disappears; the south part enlarges and 
continues the southward plunge. The effect is that of 
a bend or offset in the pipe. Whether this feature is 
accomplished by a change in plunge or in a slight 
vertical displacement along a fault is not known. 
Nevertheless, it creates a convenient mining ar- 
rangement, The northern, diminishing portion of the 
8 forms the bottom of the open pit; the remaining 
ore will be removed by underground mining. 

Although geological conditions are favorable to 
open pit mining, the topography is considerably less 
so. The mine area is one of low relief with bedrock 
elevation ranging from 650 to 750 ft (datum level: 
Lake Athabasca 700 ft). The bedrock surface of the 
ore was initially overlain by glacial silt and muskeg. 
The pit at surface approaches to within 100 ft of 
Lake Athabasca and will lie almost wholly beneath 
lake level. However, of the 180 holes drilled, only a 
few of the deep ones made water, and analysis indi- 
cated the water to be markedly different in composi- 
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tion from that of Lake Athabasca. The minor faults 
encountered were for the most part gouge-filled and 
dry. Management is thus encouraged in the hope 
that no serious water problems will be encountered. 

Plan of the Open Pit: The plan of the open pit is 
shown on the accompanying diagram. At elevation 
700 ft it is 975 ft long in a north-south direction and 
775 ft wide. Ultimate depth will be 300 ft. Except 
on the west side, the upper walls are in granite 
gneiss. The north wall follows closely the footwall 
of the ore so that the waste is largely confined to a 
crescent-shaped mass in the south end, diminishing 
quickly with depth. The waste to ore ratio is 24:1. 
The rock will be removed in ten 30-ft benches, leav- 
ing a 21-ft berm and 30-ft vertical face on each 
bench for an ultimate wall angle of about 55°. 

Climbing in a spiral up the walls, with only one 
serious turn within the pit, the road is 50 ft wide. 
Total length, from bottom of the pit to the mill slip, 
is slightly less than 1 mile. Grade never exceeds 8 
pet. The three passes on the north end of the pit 
reduce the standing angle of the north wall which, 
being on the dip slope of the foliation in the granite 
gneiss, is theoretically the weakest wall. 

Overburden Removal: Perhaps the most difficult 
problem encountered in the pit development, and to 
a lesser extent in road and plant construction, has 
been removal of the glacial silt overlying the bed- 
rock. The silt in situ is brown, damp, and thinly 
bedded, very similar in appearance to varved clay. 
Like clay it is cohesive, almost impervious to water, 
and drains slowly and poorly. Subjected to traffic, 
however, it deteriorates quickly to form a soupy 
mud. If used for road fill, it caves and produces 
frost boils; on the rock damp it causes slumping; and 
in the mill circuit it slimes in the thickeners. When 
dry it crumbles quickly to form a powdery, abrasive 
dust. The terms rock flour or glacial flour aptly de- 
scribe it. 

Over the north end of the pit the silt had a maxi- 
mum depth of 60 ft and an average depth of 20 ft. 
This was capped by 2 to 3 ft of muskeg and light 
brush. Beneath the muskeg the silt was frozen 
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and interbedded with multiple 
lenses of ice ranging from less 
than 1 in. to 3 ft thick. Frost 
action was commonly confined 
to the upper 5 ft of the silt, but 
locally reached depths of 20 ft. 
Since this existed under a man- 
tle of muskeg it was undoubt- 
edly permafrost. 

Overburden removal com- 
menced in April 1954 with 
tractors and 8, 10, and 15-cu yd 
scrapers, some of which had 
been flown in for airstrip con- 
struction. The muskeg cover 
was removed quickly and easily. 
Once the underlying silt was 
bared, however, it thawed 
quickly, presenting a soupy, 
boggy surface with a frozen, icy 
base which offered difficult 
traction and poor digging. Prog- 
ress was accordingly retarded. 

With the opening of the ship- 
ping season and the arrival of 
more heavy equipment in late 
June, the tractors and scrapers 
were removed to the airstrip 
and replaced in the pit area by 
a 3-cu yd 101 Marion shovel 
converted to a dragline, and 
14.8-cu yd Euclid trucks. It was 
necessary to construct tempo- 
rary roads consisting of 3 to 4 
ft of rock fill to support the 
equipment. Otherwise the op- 
eration was efficient, and in the 
five months between mid-July 
and mid-December, 185,000 cu 
yd of silt were removed. The 
bucket broke the frozen silt 
from the bottom and was thus 
able to handle all but the deep- 
ly frozen, massive portions. 
With the advent of winter and 
heavy frosts, the silt began 
freezing in the bucket and truck 
bodies. This was partly alle- 
viated by heating the truck 
bodies with their engine ex- 
haust, but by December 16 further operation was 
considered uneconomical and was suspended for the 
winter months. The dragline was converted to a 
shovel and used for rock removal in the open pit. 

Except for a brief midwinter shutdown, rock work 
continued in the pit and benches were developed on 
the 700 and 670 elevations. When overburden re- 
moval was resumed in May 1955, it was decided to 
dispense with the dragline in favor of shovels only. 
Use of the shovel offered several advantages: 

1) Rock fill roads on the silt, and the consequent 
double handling of the waste rock, were eliminated. 

2) The shovel had more versatility than the drag- 
line and could be used in silt or waste rock removal 
as the necessity arose. 

3) Rock removal had in places advanced into the 
silt, so that convenient shovel sites with good floors 
were already available. 

The shovels worked always from the existing 
bench floor. If the working face consisted entirely 
of silt, the operation was straightforward. When a 
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Plan of Gunnar open pit. 


rising floor presented a face of waste rock capped 
with silt, the two were removed together by drilling 
and blasting horizontal and low angle lifter holes 
into the rock face. Lifters were preferred to vertical 
holes, since the surface was very irregular and the 
silt had a tendency to cave and plug such holes 
When the silt extended below the bench floor, it was 
necessary to reinforce the floor with rock fill, but this 
situation was not often encountered 

Contamination of ore with the glacial silt is unde- 
sirable due to the adverse effect of the latter in the 
mill circuit. Where silt overlay the ore, therefore, a 
more thorough removal technique was required 
Where convenient, as much of the overburden as 
possible was bladed over bench faces to the shovels 
The rest was washed with hydraulic monitors into 
natural sumps, and slurry was pumped into the lake 

Two 800-gpm Cameron centrifugal pumps supplied 
water through a 10-in. line to a 1200-gpm, P.R. & G 
centrifugal booster pump, thence via a 10-in. line 
to the nozzle. Head pressure at the nozzle was about 
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220 psi, although pressure varied with the size of 
nozzle used, which in turn was governed by the rate 
at which the slurry was removed. Generally, one 
monitor with a 1%-in. nozzle was used for cutting 
the overburden, and a second unit with a 1%-in. 
nozzle agitated the slurry. The latter was removed 
by two 800-gpm, 8x6 Vac-Seal rubber-lined centrif- 
ugal pumps through a 10-in. line. The slurry was 
discharged into a muskeg about 1000 ft from the lake 
and at only slightly higher elevation. It was hoped 
that much of the suspended solids would thus be 
strained out before the discharge reached the lake, 
but the settling rate was so slow that this was not 
very successful. 

The slurry carried about 15 pct solids for a moni- 
toring capacity of 40 cu yd per hr, and approxi- 
mately 15,000 cu yd of silt were removed. 

At the end of September 1955, 390,000 cu yd of 
overburden had been removed, distributed as fol- 
lows: scrapers, 80,000 cu yd; dragline, 185,000 cu yd; 
shovels, 110,000 cu yd; and monitor, 15,000 cu yd. 

The time involved in each operation is intention- 
ally omitted since these figures are not meant for 
comparison of performances. Such comparison is not 
justified since different equipment served different 
purposes, and the functions of each are not always 
interchangeable. 

An estimated 35,000 cu yd of silt remain to be 
moved on the 670 bench. 

Drilling and Blasting: In addition to the over- 
burden, more than 1 million tons of surface rock had 
to be removed to ready the mine for production. This 
included excavation of 150,000 tons for mill and 
mine building foundations, and an additional 900,000 
tons to prepare benches in the pit before larger pro- 
duction machines could be profitably employed. The 
constant moving and rough terrain required a light, 
mobile machine but one capable of substantial pro- 
duction. Accordingly, six I-R X72 wagon-mounted 
air drills were acquired and equipped with tugger 
hoists. Air was supplied by I-R Gyro Flow 600-cfm 
mobile compressors. Drill steels of 1%-in. diam and 
in 9, 18 and 27-ft lengths were made up on site and 
mounted with 2-in. tungsten carbide bits. 

To reduce the original surface to the first bench 
level at elevation 700 ft from a maximum elevation 
of 745 ft required a two-stage effort on the part of 
the small drills. Since much of the original surface 
stood at or near 720 ft, and since the efficiency of the 
wagon drills was greatly reduced over depths of 25 
ft, a subsidiary bench was established at 720 ft 

On bedrock surfaces, holes were drilled vertically 
with burden and spacing varying according to depth: 


Depth, Ft Hurden, Ft Spacing, Ft Overdrill, Ft 
Up to & 4 4 2 
Btol4d 4 5 2 
Over l4 5 5Soré 2% 


In general, the 6-ft spacing and 5-ft burden was 
the maximum allowable, the criterion being a level 
floor rather than fragmentation. Fragmentation was 
not always good, however, since frost-widened frac- 
tures were abundant in the surface rock. Where ex- 
cessive overburden or a rugged surface prohibited 
vertical holes, horizontal and low angle lifter holes 
were drilled, and where a face was of such height 
that vertical holes could not make grade, a combina- 
tion of both vertical and lifter holes was employed. 
For the latter, the burden and spacing of the vertical 
holes were increased to 6 ft by 7 ft. Lifters were 
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spaced at 5 ft with maximum burden of 7 ft. Toe 
holes were drilled below grade for a length of 8 ft, 
and the maximum length of the lifters was 27 ft. 

The 2-in. blastholes were loaded with Forcite at 
the bottom, and Dygel or free-running ammonia dy- 
namite above. Forcite was favored at the base of the 
hole because of its superior water resistance and its 
greater density, since the gage loss on long holes 
was up to % in. Use of Dygel or the ammonia dyna- 
mite in the top of the hole depended on whether the 
hole was wet or dry, and in the case of lifters, on 
the angle at which the hole was drilled. The amount 
of stemming in the top of each hole was governed 
not only by length of hole but by proximity of 
buildings and consequent need to control fly-rock 

Shots were fired with short period delay detona- 
tors, the priming cartridge being placed near the 
top of the column. In blasting to an open face the 
pattern was an increase of one delay period in each 
succeeding row from the face, with end holes one 
delay higher than the rest of the row. 

Whenever feasible, shots consisted of six rows of 
holes drilled in a diamond pattern. Where a re- 
stricted working area necessitated drilling off a 
second shot before the first one was fired, it was 
found that missing one row of holes behind the first 
shot was sufficient to prevent loss of holes due to 
overbreak. 

Production figures for the 2-in machines during 
1954 include primary and secondary drilling and 
blasting, overdrill, and stuck steels: 


Footage drilled per machine per hr 21.48 
Footage drilled per 2-in. bit 455 
Footage drilled per {t of steel consumed 43 
Tonnage broken per ft of hole 1.80 
Tonnage broken per |b of powder 2.9 


Since the bulk of this drilling was in waste rock, 
the figures give performance in the granite gneiss. 
Drilling in ore was 20 pct faster than in waste, giv- 
ing a corresponding increase in bit and steel life. 

With the pit surface reduced to elevation 700, and 
a floor and face established on the 670 bench, the 
overall pit plan was initiated. As discussed earlier, 
this plan calls for development in 30-ft benches, 
leaving a 21-ft berm on each bench. In addition to 
satisfying standing-wall requirements, the 30-ft 
wall provides a convenient working and scaling face 
for 3-cu yd shovels. Since the wagon drills are not 
efficient at such depths, they have been replaced by 
three I-R DM-RD Drillmaster blasthole drills with 
mounted 600-cfm diesel compressors. 

These machines drill a 4-in. hole and under fav- 
orable conditions will perform at about 25 ft of hole 
per hr. Production figures for the three-month pe- 
riod beginning November 1955, under winter condi- 
tions, are: 


Footage drilled per machine per hr 19.8 
Footage drilled per bit 975 
Footage drilled per ft of steel! consumed 342 


An 11-ft spacing and 9-ft burden, with 4% ft of 
overdrill, is satisfactory for fragmentation and floor 
requirements. Crews are now experimenting 
with smaller burden and spacing to test if increased 
shovel and crusher production would be sufficient to 
compensate for the corresponding increase in costs. 

The blasting technique has been varied slightly 
in the case of the 4-in. holes. Half the total charge 
is loaded and tamped hard into the lower one third 
of the hole. This consists of Forcite or Dygel, de- 


pending on the wetness of the hole. The remainder 
of the hole is deckloaded, usually with free-running 
ammonia dynamite, to within about 3 ft from the 
surface. Drill cuttings are used for stemming. 

Detonation is by reinforced Primacord which in 
turn is fired by a short period delay detonator for 
each hole. The delay pattern is the same as with the 
2-in. holes but with two delay periods between rows. 

Secondary drilling and blasting, when required 
for blockholes or high pit floors, is accomplished by 
pluggers and a low velocity powder, usually Stopite, 
the latter being used in an attempt to minimize fly- 
rock. Sand blasting has also been employed effec- 
tively, but the size of the blast is restricted due to 
the concussive effects of such blasting on neighbor- 
ing buildings. 

Bench floors are frequently covered with up to 2 
ft of drill cuttings and shot rock. During winter this 
is no problem since frost penetration keeps them 
rigid. In summer it is necessary to case the upper 
2 ft of hole to prevent loose earth from plugging it. 

All loading and transport is accomplished with 
two 3-cu yd 101 Marion shovels and seven 14.8-cu 
yd 36 TD Euclid trucks. Ore is hauled directly from 
the muck pile (or stockpile) to the primary crusher 
in the mill. 

Winter Operations: Winter operations in an open 
pit at this latitude (59° 22’ N) may seem formidable. 
However, limited work carried out during the past 
winter, with the average day temperature at —10°F, 
suggests that no unusual difficulties will be met. 

Except for a three-week shutdown over Christ- 
mas, drilling continued with restricted crews 
throughout the winter. Temporary lay-offs were 
necessitated by a combination of high winds and 
very low temperatures on only five days. Loading 
and hauling were suspended for lack of broken rock. 

At the time, wagon drills were being used to level 
the original rock surface. To eliminate unnecessary 
and somewhat treacherous moving over snow- 
covered, uneven terrain, and to facilitate servicing, 
a housed and heated compressor station was set up, 
and air was fed to the drills through a 4-in. Victaulic 
pipeline. 

Although such stations were necessary to protect 
the machines from extreme temperatures particu- 
larly when they were working only part time, they 
nevertheless had disadvantages. During freeze-up 
and break-up periods the air moisture content is 
very high, and at such times low temperatures pro- 
duced icing conditions within the machines. This 
was eliminated by inserting an after-cooler into the 
airline, and adding a frost inhibitor. Despite the use 
of polar lubricants, a fire-bucket was frequently re- 
quired to loosen the machines prior to drilling. 

The 4-in. drills now in use move on crawler tracks 
and have the compressor mounted as an integral 
part of the machine. Movement, particularly on 
level floors, is accordingly facilitated, and the 
mounted compressor supplies hot air for the drill 
and warmth for the crews 

Lest unforeseen difficulties should produce a slow- 
down in pit operations during the present winter, 
ample ore has been stockpiled to ensure that the 
mill can continue to work at capacity. By the win- 
ter of 1956-1957, underground development will be 
at the point where ore can be withdrawn if required. 

Sampling: Initial tonnage and grade calculations 
were based on results of vertical diamond drillholes 
at 75-ft centers. Needless to say, such data do not 
precisely define the outer limits of ore. As mentioned 


earlier, ore can seldom be recognized as such vis- 
ually. Thus sampling is doubly important, not only 
to ascertain grade but to separate the ore from un- 
mineralized syenite. 

The following sampling procedure has proved 
both simple and reliable: 

1) Blastholes are probed with a drillhole Geiger 
counter and results recorded at 5-ft intervals 

2) Cuttings from the blastholes are rifled down 
to make a 5-lb sample. This sample is checked with 
a Geiger counter equipped with rate meter 

3) If either step 1 or 2 indicates the possible pres- 
ence of ore, the cuttings sample is assayed radio- 
metrically. 

4) After the rock has been broken, grab samples 
are taken as a rough check on previous results. 

This procedure is begun well beyond the outside 
limits of suspected ore and continued through the 
orebody proper. 

By this method, the frequent radiometric assays 
provide a constant check on the rate meter and 
drillhole Geiger counters. The experienced operator 
familiar with his equipment can thus decide imme- 
diately on completion of the blasthole probing 
whether the rock is to be broken for ore or waste, 

Transportation: Generally speaking, mining op- 
erations in the Canadian North differ from their 
counterparts elsewhere only in the problems of se- 
vere winter climate and poor transportation. The 
winter problem, as it affects mining at Gunnar, has 
been discussed. The transportation problem has 
likewise been overcome. 

Access to the area is by air or water only. Nearest 
railhead is at Waterways, Alberta, 225 miles to the 
southwest. From Waterways, Northern Transporta- 
tion Co. Ltd. provides water freighting service into 
Lake Athabasca. Of necessity, the bulk of freight 
comes in by barge, and since the lake is open to 
shipping for only five months of the year, orders 
must be placed well in advance of expected delivery 
and must anticipate a year's needs. Oil requirements 
alone for heat and electric power amount to about 
1% million gal, or more than 7,000 tons of freight 
per year. At the close of the past shipping sea- 
son, more than 50,000 tons of freight will have been 
delivered to the Gunnar dock since 1953. 

Air freight similarly is a big item and is flown 
from Edmonton, Alberta, nearly 450 miles to the 
southwest. In November 1954, Gunnar completed 
construction of a 5600-ft airstrip. Prior to that air- 
craft landed on lake ice or water. About 1300 tons 
of freight have been flown in to date, of which about 
one third was landed on ice strips 

In spite of these obvious difficulties, production 
was achieved in little more than three years from 
the date of discovery. The property was staked in 
July 1952, and a 1250-ton capacity mill was com- 
pleted in early August 1955. In September of that 
year, Gunnar delivered its first shipment of concen- 
trates to become, after Eldorado's Port Radium and 
Beaverlodge operations, the third major uranium 
producer in Canada. 
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Open Pit Forum 


The Lavender Pit 


Smooth operation results from careful 
management of 


PIT PLANT 

DRILLING 

TRUCK OPERATION 
TRUCK-RAIL HAULAGE 
BLASTING 

DISPOSAL DUMP 


HE Phelps Dodge Corp. Lavender pit is located 

in the Bisbee mining district near the town of 
Lowell, Ariz. A quartz monzonite porphyry exists 
as an intrusive stock and was the source of mineral- 
ization for the limestone replacement orebodies be- 
ing mined by underground methods. Leaching of 
the upper portion of the stock, and precipitation of 
the copper as chalcocite on the finely dispersed un- 
oxidized pyrite in the monzonite porphyry, formed 
a low grade ore zone below a leached capping vary- 
ing from 50 to 300 ft thick. 

Churn drilling starting in 1916 and supplemental 
churn drilling begun early in 1950 indicated a mine- 
able area about 3100 ft long by 2400 ft wide. In 
general drilling was on 100-ft centers, The pit was 
planned with 50-ft benches and wall slopes varying 
from 1 to 1 to a flatter slope of 1 1/3 to 1 dependent 
on the character of the ground. Materials within 
the pit limits, using a 0.6 pet minimum grade cutoff, 
were estimated at 41 million tons of 1.14 pet copper 
ore, 31 million tons of low grade sulfides suitable 
for leaching with an average grade of 0.42 pct, and 
70 million tons of waste. 

Initial stripping operations were started in April 
1951. By March 1954, 42 million tons of advanced 
stripping had been removed and the pit was ready 
for ore production. The concentrator, rated at 12,- 
000 tpd, was completed in June 1954, when opera- 
tions commenced with test runs of ore continuing 
through July and August. 

Before stripping operations were started the high- 
est ridge was 5500 ft above sea level. Excluding 
removal of the ridge, sixteen 50-ft benches will 
eventually complete the pit to the final bottom ele- 
vation of 4500 ft. Bench widths were planned with 
a minimum of 140 ft from center line to center line, 
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and at least 2000 linear ft of exposed ore on the 
benches was required before a daily tonnage could 
be assured for operation of the concentrator. 

Primary Drilling: Primary drilling during the first 
two years of stripping was done by churn drills 
using 9-in. bits. With 50-ft benches, blastholes 
averaged 61 ft deep or bottomed 11 ft below shove! 
grade. Single row shots were spaced at 21-ft centers 
and about 36 ft back from the previous holes blasted. 
Over 500,000 ft of drilling was at an average rate 
of 77 ft per drill shift and 78 ft per bit sharpened. 

Churn drills were later replaced by rotary drills. 
The first rotary was placed in operation November 
1952, and churn drilling was progressively curtailed 
until fully displaced early in 1954 by three rotary 
rigs. These drills are electrically driven, weigh about 
55,000 lb, and use 35-ft square hollow steel rods 
with 7%-in. tricone bits. Rotation speed varies from 
20 to 75 rpm and bit pressure from 26,000 to 35,000 
lb, depending on the character of the ground. Foot- 
age per drill shift averages 300 ft and bit life about 
1620 ft. Sixty-foot holes bottom about 10 ft below 
grade. Spacing depends on the character of the 
ground and varies from 12 to 20 ft, averaging 15 ft. 
Three and one half shifts of rotary drilling are ade- 
quate for six shovel shifts or a daily mining rate of 
37,500 tons. 

Rotary drills are moved under their own power 
for short distances. For long moves on the same 
bench or those to another bench, a rugged hitch 
built into the front end of the rig permits towing 
with a tractor. Four guy wires from the top of the 
mast to the four corners of the drill frame eliminate 
the need for lowering the mast. Switch houses and 
power trail cables are maintained on all operating 
benches to eliminate loss of time when connecting 
up, following a long move. 

Blastholes are sampled by a narrow metal cutter 
can with the open end placed adjacent to the hole 


being drilled. Normally two 25-ft samples are taken 
from a hole, each weighing 20 lb. 

Dust control with the rotary drills is accomplished 
by introducing water through a needle valve into 
the compressed air line leading to the swivel at the 
top of the drill rods. The moisture drops the dust 
and the compressed air raises the drill cuttings to 
the collar of the hole. A 5-ft cone-shaped bonnet 
mounted under the drill frame deflects the cuttings 
downward to form a circular ridge around the hole. 
This material is used as stemming when the holes 
are blasted. 

Explosives: Choice of explosives depends on the 
type of rock and whether the holes are wet or dry. 
Bag powder is used in dry ground of average 
hardness and 60 pct ammonia gelatin is used in hard 
ground and for wet holes. 

Each hole is double primed with 25-lb, 6-in. cart- 
ridges of semigelatin. One primer is placed at the 
bottom of the hole and the other at the center of 
the charge. Wet holes in soft to moderately hard 
ground are loaded entirely with 25-lb semigelatin 
cartridges, which usually are lowered into the hole; 
however, if the powder rise is excessive, the cart- 
ridges are cut and the powder poured into the hole. 
Sixty pet ammonia gelatin is used in hard rock 
either wet or dry. Sticks are cut with a wooden 
paddle and the pieces dropped into the hole. 

The loading ratio varies from % Ib per yd of 
burden to more than 1 lb. The explosive charge per 
hole varies from 400 to 700 lb. Holes are double- 
primed with reinforced primacord with the ends 
either tied to a rock and lowered to the bottom of 
the hole or to a primer, if a primer cartridge is used 
Single row shots of 30 to 40 holes are generally 
blasted at one time and break about 75,000 tons of 
rock. Millisecond delays are used only when blast- 
ing may affect nearby surface structures. The tons 
broken per pound of powder used have averaged 
about 4.5. 


Secondary Blasting: The amount of rough muck 
depends greatly on the character of the ground and 
slips or shear zones. Ore delivered to the primary 
crushing plant must be reduced in size for a 48-in. 
gyratory. Stripping disposed of to dump sites re- 
quires less secondary blasting, and boulders weigh- 
ing up to 10 tons may be loaded on the 25-ton 
capacity trucks. Secondary drilling is done with 
jackhammers, the pops loaded with 40 pct 1 44x8-in. 
ammonia stick powder and shot by primacord 

Loading: Shovel equipment includes two 5-yd and 
three 6-yd electrically operated units. Power is 
transmitted at 44,000 v to two transformer stations 
near the pit, each station serving separate pit cir- 
cuits. Feeder lines distribute the power at 2300 v 
to portable switch stations located at strategic points 
on the various benches. A ground fault system is 
incorporated in the electric distribution system for 
drills as well as for shovels 

Power trail cables 800 ft long are neoprene- 
covered three-conductor with ground wires. When 
moving shovels, the trail cable is handled by wooden 
handled tongs. Cable crossings, at haulage roads, 
consist of two 4x12-in. 18-ft planks covered with 
%4-in. plate 30 in. wide to allow a 6-in, gap under- 
neath for the cable. A small load of fine material 
is dumped on the crossing and smoothed up to form 
a slight ramp over the cable. Crossings are moved 
with a bulldozer by passing a steel cable over the 
blade and hooking to each end of the plate decking 
Whistler-type manganese steel teeth used on the 
shovel dippers have an average service of 185,000 
tons. Discarded 1%-in. mine hoist cable used on 
the 5-yd shovels handles about 138,000 tons. New 
1%4-in. cables used on the 6-yd shovels have an 
average life of 416,000 tons 

Yearly shovel loading rates during the five years 
of operation have varied from 5150 to 6130 tons per 
shovel shift for the 5-yd shovels and from 6180 to 
6965 tons per shovel shift for the 6-yd machines 
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The shovel crew consists of an operator who is 
responsible for the equipment and crew; an oiler 
who lubricates and keeps the shovel clean and 
attends to the trail cable and bank sprays; and a 
pitman who spots trucks, removes rocks from the 
roadways, and helps handle the trail cable in shovel 
moves. A rubber cone-shaped marker is used on 
each side of the shovel to assist the truck drivers 
in the proper spotting for loading and to keep the 
pitman at a distance from the face of the bank. 

Truck Haulage: The coarse crushing plant is 
located in the north wall of the pit at an elevation 
of 5050 ft. Locus of ore is about the 4900 level. With 
comparatively short hauls and few adverse grades, 
25-ton capacity single rear axle trucks were selected 
because of their flexibility in spotting at shovels and 
backing into the dumping position at the crushing 
plant and at waste disposal areas. 

The fleet consists of 27 trucks of 25 tons each, 
equipped with 300-hp supercharged diesel engines. 
Twenty-one have single-stage torque converters and 
six are equipped with two-stage converters. The 
overdrive or fifth gear of the five-speed transmis- 
sions was found needless with hauls of less than 
5000 ft and the fifth gears were therefore blocked 
off. The dual rear wheels are equipped with 18x24 
or 18x25 tires and the front wheels use 14x24 tires. 
Roadways are kept in good condition by motor 
graders and wet down daily by 1600-gal capacity 
sprinkler trucks equipped with small gasoline driven 
pumps, which deliver a better spray than by gravity 
feed. Various makes of tires are used and tire mile- 
age varies from 7920 to 12,060 miles per tire. 

Trucks delivering ore to the crushing plant carry 
about 28 tons payload, and with an average haul of 
2500 ft, a truck averages 1000 tons per 8-hr shift. 
Most of the stripping is delivered to a loading dock 


for transfer to a more distant dump by rail haulage. 
With this material, loads average 25 tons, and with 
a haul of 3450 ft, trucks handle about 1030 tons per 


shift. When rail haulage delays require delivery of 
waste to nearby disposal areas, trucks will average 
925 tons a shift with a 30-ton load and a 5440-ft 
haul. The average lift approximates 130 ft. 

Tubeless tires are being tried on a few trucks and 
apparently give satisfactory service with lesser costs 
for tubes and flaps. Engines in two of the trucks 
have been equipped with turbochargers but offer no 
apparent advantages at the altitude involved or with 
the small amount of adverse grades. Hydro retarders 
installed on two trucks have proved unnecessary 
with the minor amount of downgrade hauls and 
apparently increase truck maintenance. 

Combination Truck-Rail Haulage: Available dump 
areas adjacent to the pit were insufficient to take 
care of all stripping and provide a suitable site for 
future leaching operations. The only available loca- 
tion to accommodate some 68 million tons of waste 
and low grade leaching material was a valley a mile 
and a half from the pit. 

The problem was complicated by urban and indus- 
trial facilities and two heavily travelled highways 
between the pit and the proposed dump site which 
required overpasses. Rail haulage from the edge of 
the pit to the dump was chosen in preference to 
truck haulage based on length of haul and the 
amount of material to be disposed of daily during 
the major stripping program, when 10 shovel shifts 
necessitated disposal of 60,000 tpd 

The two highways were bridged with steel girder- 
type overpasses decked with 10x10-in. treated 
timber. The longer one is 472 ft, crossing three 
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railroad tracks and a state highway. The shorter 
structure is 169 ft and carries the railroad over a 
county highway. They were designed for single 
track operation, erected in 1952, and the decking 
was overlaid by a 4-in. plank treadway for initial 
trucking to prepare the site. 

The loading dock, necessary for transfer of muck 
from trucks to 43-cu yd side dump railroad cars, 
is an earth-filled structure 75 ft wide by 424 ft long. 
Width provides ample room for truck turning and 
backing up to the loading block, and length permits 
loading ten cars without spotting. 

Tracks are arranged at both sides of the dock to 
permit loading a string of empties while the one 
locomotive in service delivers the loaded train from 
the opposite side of the dock to the dump and re- 
turns the empties while the other ten cars are being 
loaded. Under normal conditions 12 trucks serve 
two shovels in the delivery of material to the load- 
ing dock. The rail haulage has a capacity of 12,000 
tons per 8-hr shift. The entire dock area is illum- 
inated at night by flood lights mounted on 60-ft 
poles and the track by spot lights mounted in steel 
boxes attached to the dock side walls. A signal light 
system is used to divert trucks to nearby dump sites 
in the event of a delay or derailment of railroad 
cars. 

Spillage at the loading dock is cleaned from the 
tracks by a rubber-tired dozer or front-end loader 
and placed back in the cars by the loader equipped 
with a 14%-yd bucket. A loading trap was con- 
structed on one side of the dock to permit direct 
loading of spillage into a truck by means of a bull- 
dozer. This method works very well, but the amount 
of spillage does not justify a second below-surface 
loading trap on the other side of the dock. 

A 1200-hp diesel electric locomotive handles a 
ten-car train of approximately 1150 gross tons. 
Loaded trains are pushed from the loading dock to 
the dump area with the brakeman riding the lead 
car, which is equipped with a partially closed-in 
riding platform. When the train reaches the dump- 
ing area, the dumpman assumes control of all train 
movements and gives all signals while he and a 
helper do the actual dumping. While the train is 
being dumped, the brakeman walks back to the 
locomotive and rides the engine back to the loading 
dock. Here a cutoff is made, and the locomotive is 
run around to the other side of the dock to couple 
up to the loaded string of cars. 

The main line and yard tracks are laid with 90-lb 
rail on treated gum ties spaced at 22-in. centers and 
slag ballasted. All turnouts are equipped with No. 7 
cast steel frogs, 15-ft switch points, and manually 
operated switches, except for an automatic self- 
aligning stand at the junction of the two loading 
dock tracks. Rails on the overpasses were laid di- 
rectly on the timber decking. The second or shorter 
overpass was later relaid with 133-lb rail because 
of heavy grades and curvature between the two 
overpasses and was slag ballasted instead of being 
spiked directly to the decking. 

Disposal Dump: In preparing the dump for rail 
haulage a narrow fill 100 ft wide was made by truck 
haulage. This was sufficient for two dump tracks 
on each side—the northerly two for the disposal of 
waste and the southerly two for low grade leach 
material. As the dumps progressively widened, the 
two tracks near the easterly end were connected 
together to permit lengthening the dump and pro- 
vide access to the two end dumps from either the 
north or the south trackage. 


Dump tracks are 90-lb rail laid on untreated gum 
ties. In disposing of material from a newly moved 
track, a light plug is made the full length until the 
shoulder starts to build up. Then, starting at the 
far end, all cars are dumped in one place until the 
mound is high enough to interfere with the car 
doors. Spotting of cars is progressively moved until 
the mound extends the full length of the dump. 

To level off the mound prior to track throwing, 
the track is broken into several sections and pulled 
back from the dump edge a distance of 10 to 12 ft 
by a crawler-mounted front end loader with two 
hooks bolted to the front of the 1%-yd bucket. 
These hooks are dropped over the ball of the rail 
and lifted until the ends of the ties are clear. The 
track is then pulled back about 2 ft at a time. The 
mound is leveled off by means of a bulldozer and 
the rough material pushed over the edge. Bull- 
dozing is followed by finished grading, which is 
done by a motor grader, and the outside edge is 
sloped so that after the track is moved into place 
the outside or dump rail will be about 4 in. higher 
than the inner rail. The track is then pushed back 
to the edge of the dump for a new dumping posi- 
tion, the various sections are connected, ties are 
straightened and respiked if necessary, and the dump 
is again ready for use. No ballast is needed to pre- 
vent track displacement when cars are being dumped. 
This method of track throwing is much simpler than 
the method first used, when dump tracks were 
ballasted and thrown by track shifters. Although 
the front end loader is generally used in moving 
the track because it is smaller and not as rough on 
the track as a bulldozer, a dozer is used when the 
loader is in use elsewhere. Throwing of track and 
respiking rail by any method results in considerable 


tie replacements. At present, plate clamps on each 
side of the rail bolted down to a plate under the tie 
are being tried to increase tie usage and eliminate 
the need of gage rods. 

Pit Plant: Surface facilities consist of an office 
building, change room, warehouse, lubrication shop, 
car repair shop, and general repair shop, all located 


near the easterly edge of the pit. Except for the 
office, all buildings are of steel frame construction 
covered with corrugated iron. 

The floor of the repair shop, 80x220 ft, is served 
by a 25-ton overhead bridge crane for general repair 
work on trucks, bulldozers, locomotives, and other 
heavy equipment. A mezzanine floor 22 ft wide and 
the length of the building is used in rebuilding truck 
engines, torque converters, transmissions, and other 
lighter units. Machine shop equipment is on the 
ground floor under the mezzanine. This aisle is served 
by a 5-ton bridge crane. 

All machine work and unit rebuilding is done on 
day shift. General maintenance is on both day and 
afternoon shifts. Field repairmen are assigned to 
all three operating shifts. The service truck used 
by field repairmen is equipped with two-way short 
wuve radio so that it may be contacted quickly at 
any time. 

The lubrication building services all pit equip- 
ment and also mobile equipment used by the under- 
ground mine mechanical department. Field servic- 
ing on each of the three shifts is performed by the 
use of a 10-ton truck equipped with tanks for diese! 
fuel, gasoline, greases, and oils used by the various 
pieces of equipment. A small gasoline powered 
compressor operates the pumps for greases and oils 
and supplies compressed air for displacing the fuels. 


ABOVE: Truck loading operation in the Lavender pit, Bisbee, 
Ariz. A 6-cu yd shovel, 25-ton truck with 18-cu yd body 
BELOW: Truck dumping at coarse crusher 


Major Pit Mining Equipment 
Description 


Electric shovels 5-yd 
Electric shovels 6-yd 
Haulage trucks 25-ton 
Diesel electric locomotives 125-ton, 1200-hp 
Side dump railroad cars 43-cu yd 
Crawler mounted bulidozers 
Rubber Ured bulidozers 
Motor graders 

Rotary drills Bit 
Wagon drills 3%" Piston 
Jackhammers 55-ib 
Portable compressors CFM 
Rotary compressor—-Skid mounted 210 CFM 
Mobile unit— Mounted compressor 105 CPM 
Water wagon trucks 10-ton, 1600-gal 


No. 12 


Mounting and changing of tires is done in a small 
lean-to at the end of the repair shop. No sectioning 
or recapping is done in the tire shop. Tires needing 
repairs are sent out, and those for the 25-ton trucks 
are not recapped. 

Shovel repairs are on a two-shift basis, and rotary 
drill repairs are performed on day shift oniy. These 
field repairs are under the supervision of a field 
foreman and, if possible, assemblies needing repairs 
are replaced and brought into the shop for correc- 
tion. This unit repairing has been developed to a 
stage where a brake relining job on heavy trucks 
is done by removing the entire rear axle assembly 
and replacing with another reassembled unit. This 
method results in fewer delays to operating equip- 
ment and eliminates a tendency to do a fast but 
poor repair job. 

Repair parts and tires are well stocked in the 
warehouse next to the repair shop. All items are 
card indexed and an automatic replacement plan is 
followed to prevent overstocking of other items in- 
frequently used or delays caused by shortage of 
parts. 
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by W. A. Hamilton and V. Lessels 


HITE Pine Copper Co. is a wholly owned sub- 

sidiary of the Copper Range Co. The property 
of White Pine is about 5 miles south of Lake Super- 
ior in Carp Lake Township, Ontonagon County, 
Mich. The new town of White Pine, adjacent to the 
company plant, is 18 miles south and west of the 
town of Ontonagon, and about 55 miles north and 
east of Lronwood, Mich. 

A diamond drilling program begun in 1937 to 
develop the orebody was carried on until 1950. Dur- 
ing this period a test shaft, known as the Schacht 
shaft, was sunk on the orebody and approximately 
8000 ft of development drift were driven. In an 
effort to solve the ore beneficiation problems, con- 
siderable metallurgical test work was done on ore 
extracted through the mine development. This 
work was conducted in a small pilot plant located in 
the mill of the Copper Range Co. at Freda, Mich. 

Active development of the White Pine mine had 
been considered in 1942. At that time the U. S. 
Government asked the Copper Range Co. to study 
the feasibility of at least partial development of the 
orebody at White Pine in view of the needs of cop- 
per for war. However, by the time suitable data 
were prepared and agreements were reached, the 
war took a turn for the better, and because it was 
believed that White Pine copper could not be made 
available in time to relieve the pressure of these 
war needs the project was abandoned. 

At the outbreak of the Korean sitation, a revival 
of the project culminated in a loan of $57,180,000 by 
the Reconstruction Finance Corp. The decision was 
made to proceed on March 1, 1952, with detailed 
planning of the project. Design and engineering 
organizations were grouped in Chicago, and simul- 
taneously field organizations were set up at White 


W. A. HAMILTON is Mill Superintendent, and V. LESSELS is 
Mill Metallurgist at the White Pine Copper Co., White Pine, Mich. 
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Pine, Mich., to commence on the problem of actual 
construction. The Turner Construction Co. had been 
retained by the Copper Range Co. for the prelimi- 
nary studies made in 1942 and was retained as 
agent for the White Pine Copper Co. at the later 
date. Under this arrangement the forces of the 
Western-Knapp Engineering Co. of San Francisco 
were retained for the mine, mill, and smelter de- 
sign; Stone and Webster of Boston was asked to 
design the power plant; Pace Associates of Chicago 
was given the task of planning and design of the 
townsite and related facilities as well as nonprocess 
buildings, and the firm of Moran-Proctor-Muesser 
& Rutledge of New York City was retained as con- 
sultant on soils and foundations design. 

Meanwhile the ore beneficiation testing facilities 
at Freda, Mich., were revamped and an expanded 
program of ore testing and gathering of engineering 
data for plant design was instituted. 

Mill design and pilot plant work proceeded at a 
rapid rate. By the end of 1952, only nine months 
after actual design had been started, the mill flow- 
sheet was developed in final form and almost all the 
principal mill equipment was purchased, or speci- 
fication for purchase had been prepared. Active 
construction of the mill started during the winter of 
1952-1953. Construction continued during 1953 and 
1954 and on October 5, 1954, the first section of the 
concentrator was placed on stream and the first 
phase of winning copper metal from the ore began. 
By late December all sections of the concentrator 
had been constructed, tested, and placed in opera- 
tion. Since the early part of January 1955, the mill 
has been on a seven-day week, around the clock 
operation with all or part of the equipment in con- 
tinuous operation. 

The White Pine orebody lies near the bottom of 
the Nonesuch formation, which consists of a 500-ft 
layer of siltstones, sandstones, and shales. The ore- 


| The White Pine C trat | 


body is essentially four sedimentary beds, which 
have been labeled in their respective order as Lower 
sandstone, Parting shale, Upper sandstone, and 
Upper shale. Principal mineralization occurs in the 
shales. Mineralization consists mostly of chalcocite 
with possibly as much as 10 pct native copper. Chal- 
copyrite, bornite, covellite, and pyrite are present 
only as traces. The ore also contains silver, present 
chiefly as native silver. The silver-copper relation- 
ship is similar to the so-called half-breeds of the 
Calumet-Houghton area where both silver and 
copper are found unalloyed in their natural state. 
The ore minerals are extremely disseminated 
throughout the shale, and locking with gangue is 
present in all sizes visible under the microscope. 

At the present time only the Parting shale portion 
of the orebody is being mined. Research is in plan 
to develop methods to extract the Upper shale ore- 
body. The mining method is a modified room and 
pillar system. Drilling by jumbos is standard prac- 
tice, followed by blasting and loading with Joy 
loaders to diesel-powered trucks for transportation 
to the underground ore pocket 


The Process 


Crushing Practice: The first stage of crushing is 
accomplished underground. The run-of-mine ore 
is delivered by diesel truck to grizzlies set at 
10-in. opening. The oversize is fed to two 32x40-in. 
jaw crushers operating in parallel, set at about 6-in. 
jaw opening. The crushed oversize joins the grizzly 
undersize in a 3000-ton, live load capacity, under- 
ground storage pocket. At about 110 ft below the 
haulage level, ore is fed by chute and apron feeder 
to a speed-up or conveyor feed belt. The ore, which 
is now essentially —8-in. maximum size, passes on 
to a conveyor system to the surface crushing plant. 
The mine conveying system consists of 54-in. wide 
upper and lower flight conveyors, operating in series, 
each driven by three 250-hp motors. Two of the 
electric motors operate in tandem on the same drive 
pulley and the third motor operates a separate drive 
pulley. This belt system has a capacity of 2400 tph 
The lower flight is 1650 ft between centers and the 
upper flight 1750 ft between centers. A belt scale 
is located on the lower flight conveyor to check 
mine tonnages delivered to the surface. At the sur- 
face, two 54-in. conveyors in series carry the ore 
from the end of the mine conveying system to the 
top of the surface crushing plant. At this point the 
ore is diverted by a short shuttle conveyor into 
either of two coarse ore storage bins. All the sur- 
face crushing plant bins are reinforced concrete 
silo-type structures, 105 ft high and 32 ft ID, with 
a live load capacity of about 1500 tons each. There 
are two coarse ore bins and three intermediate size 
ore bins all in line. These bins were poured in one- 
piece type concrete construction. 

Coarse ore is fed from the bottom of the two 
coarse ore bins by four 3%x16-ft apron feeders to 
stationary grizzlies set at 2%-in. maximum open- 
ing. The oversize falls by gravity from the grizzlies 
through chutes to two 7-ft Symons standard crush- 
ers operating in parallel, set at 1%-in. opening. 

The combined crusher product and grizzly under- 
size is conveyed by a 54-in. wide scissors belt 


arrangement to the top of the crushing plant, where 
it is distributed over three concrete intermediate 
size ore bins by a 54-in. tripper conveyor arrange- 
ment. Intermediate size ore is fed from the bottoms 


WHITE PINE COPPER CO 
ORE FLOW -SHEET 


GRINDING 


FLOTATION 
ROUGHER F 


TAN CON 


[ st ONDARY ROUGHER F T 


~~ 
TO WASTE 
»ANI 
TO 
SMELTER 


of these bins by 4x14-ft vibrating feeders. Each bin 
is equipped with one feeder which discharges to a 
72x168-in. double-deck with 1%4-in. and 
%-in. square top deck openings and ‘%x4-in. and 
%x3-in. slotted opening bottom decks 

The screen oversize is fed directly to each of three 
7-ft Symons shorthead crushers operating in parallel, 
set at 5/16 in. The screen undersize, which bypasses 
the crushers, and the fraction from the crushers 


he. 


screen 


General arrangement of crushing plant 
standard crushers ore in the foreground 


The two Symons 
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then join and are conveyed to the fine ore bins in 
the concentrator section by a series of 54 and 60-in. 
wide belt conveyors. 

A shuttle conveyor system, consisting of two 48-in. 
belts traveling in opposite directions, distributes the 
crushed ore to the fine ore bins. An automatic 
sampler and sample splitter cuts the ore stream prior 
to entering the fine ore bins. A belt scale records 
the weight of the ore delivered to the concentrator. 

The entire conveying system from the mine lower 
flight through the crushing plant to the fine ore 
bins, as well as all the feeders, screens, crushers, 
and related equipment, are controlled by the crusher 
operator by means of push-button controls, arranged 
in flowsheet form on the panel, Telltale lights indi- 
cate equipment operation and position of shuttle 
and tripper conveyors with regard to bins. Ammeters 
for conveyor and crusher motors and speed indi- 
cators for belt feeders are located directly over the 
console panel for observation and corrective opera- 
tional control if required. A telephone and call 
system, which extends from the underground crush- 
ing station to the top of the fine ore bins, covers all 
transfer points and principal locations along the 
conveying, crushing, and screening system. 

The crushing plant operates two shifts per day 
seven days per week. A capacity of 1500 tph of 
finished material has frequently been attained. 


Desliming cyclones and sec- 
ondary rougher flotation circuit 
in mill section No. 3. 


At present the crushing plant operates in open 
circuit. An intensive study of crushing efficiency 
and an engineering study of a possible separate 
screening plant to operate in closed circuit with the 
shorthead crushers is under way. 

Concentration: Crushed ore from the surface crush- 
ing plant is distributed by shuttle conveyors into 
six reinforced concrete silos, each 50 ft ID and 70 ft 
high. Under each concrete bin or silo, four vibrating 
feeders 14%x10 ft feed the fine ore to a 24-in. con- 
veyor, which in turn delivers to the drum of the 
combination drum and scoop feeder at the feed end 
of each ball mill. The concentrator is divided into 
three sections with space sufficient within the present 
building for a fourth section if it is required. Prin- 
cipal equipment in each section consists of two bail 
mills, four classifiers, one tube mill, eighty-four 
66-in. Fagergren flotation machines, eighteen 24-in. 
cyclone classifiers, six 12-in. rubber-lined pumps 
and reagent and pulp distributors, sump pumps, and 
related equipment. In each section six cyclones are 
normally in use in the desliming operation and five 
cyclones in the secondary grinding section. Oniy 
three main pumps are operated. Separate spare 
sumps and pumps with quick change sluice gates 
provide spare equipment in case of pump failure or 
for maintenance inspection. 

The crushed ore discharges from the 24-in, con- 


Crushing Plant Performance 


Shorthead 


Feed te 
Shorthead Bins Sereen Undersize 


100.00 34.27 


Cumulative 
Wt Pet 


Camulative 


Wt, Pet Wt, Pet Wt, Pet 


Sie 


oOo 
18.9% 
73.1: 


Feed to 
Shorthead Crusher 


Wt, Pet 


Shorthead 
Discharge 


Feed to 
Fine Ore Bins 


65.73 65.73 100.00 


Cumulative 
Wt, Pet 


Cumulative 
Wt, Pet 


Cumulative 


Wt, Pet Wt, Pet Wt, Pet 


Feed to shorthead bins, shorthead screen undersize and feed to fine ore bins are averages of samples taken throughout September and 


October 1065 


Feed to shorthead crusher is calculated on the basis of 90 pct screening efficiency 
Shorthead discharge is calculated from the shorthead screen undersize and feed to fine ore bins 
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13.49 
+1%" 22.75 21.12 “4.61 
: +742" 53.34 46.05 80.66 8.25 5.74 
+ 525 63.24 7.04 11.41 92.07 18.53 26.78 14.58 20.32 : 
, + S71 72.16 26.87 3.70 95.77 24.13 50.91 22.35 42.67 
371 4.23 49.09 57.33 


veyor and enters the drum of the combination drum 
and scoop feeders of the primary grinding mills. 
Each of the six primary grinding mills is a Marcy 
grate type, 12 ft diam by 13 ft long inside the liners. 
These mills, to the authors’ knowledge, are the 
largest primary grinding mills ever operated. Each 
weighs approximately 300 tons fully loaded with 
100 tons of balls. A 150-rpm, 4160-v, 1500-hp 
synchronous motor furnishes power to the mill 
through two flexible couplings and a floating shaft 
connected to the pinion. The initial set of shell liners 
were Lorain rolled plate liners and Chrome-Moly 
lifter bars. Feed end liners are cast Ni-hard, and 
the grates are Chrome-Moly % to %-in. slots. Mill 
speed is 16.05 rpm, approximately 72 pct of critical 
speed. The double scoop has a radius of 90 in. 
Trunnion diam is 60 in. The bull gear is a single 
helical gear, 26-in. face, 215 tooth with 1l-in. D.P. 
made in two halves. 

The enormous weight of the loaded mills, coupled 
with structural problems, excluded the possibility 
of complete removal of mills for relining or other 
maintenance work. As a consequence, concrete jack- 
ing piers for trunnion bearing removal were incor- 
porated in the foundation design. Other design fea- 
tures were adopted to insure ease of relining and 
other maintenance work on the mills in place. 

Each mill operates in closed circuit with two 
84-in. spiral classifiers. A splitter connected to the 
discharge end equalizes the load to each classifier. 
Circulating load in the classifiers varies with the 
feed condition but is normally 250 to 300 pet. 

Although two primary grinding mills are nor- 
mally operated per section, either mill may be down 
for inspection or repair and the remaining mill may 
operate without disadvantage. 

Overflow from all four classifiers in each section 
is gathered and pumped to an eight-way distributor, 
which apportions the pulp to the primary rougher 
flotation. There are eight rows of 66-in. Fagergren 
flotation machines with four cells per row in each 
mill section. Froth from this primary rougher opera- 
tion flows by gravity to the cleaning step, which is 
done in eight rows of 66-in. Fagergren flotation 
machines with two cells per row in each section. 
Froth from the cleaners is pumped to a central loca- 
tion, sampled, and transferred by gravity to the con- 
centrate thickener outside the mill building. Cleaner 
tailings or middling product flows by gravity to the 
regrind pump sump. 

Primary rougher flotation tailing flows by gravity 
to the desliming pump sump from whence it is 
pumped to a battery of 24-in. cyclones. The cyclone 
overflow or slime product is discarded as a tailing, 
and the cyclone underflow is refloated in six 6-cell 
rows of 66-in. Fagergren flotation machines per 
section. The resulting secondary rougher flotation 
tailing or sand tailing is discarded to waste. Rougher 
froth flows by gravity to the regrind pump sump, 
where it joins the cleaner tailing fraction. The 
combined secondary rougher concentrate and cleaner 
tailing is pumped to a battery of 24-in. cyclones in 
the regrind circuit. The regrind cyclone underflow 
or coarse fraction flows by gravity to a Traylor 
8x22-ft tube mill. Tube mill discharge flows by 
gravity back to the regrind pump sump. The cyclone 
overflow is distributed to the four spiral classifiers 
in the primary grinding section. Because the re- 
grind cyclone overflow is normally 6 pct solids, 
advantage is taken of this excess dilution by adding 
this fraction at the discharge box of the primary 


Primary grinding mills and classifier 


ball mills, where it forms a portion of the dilution 
water required in the primary classification system 

Thickening and Filtering: The cleaned concentrate 
is gathered and pumped to a central location in the 
mill building, where it is sampled, and then flows 
by gravity to the center well of a 100-ft Dorr torque 
arm thickener with a concrete tank. This equip- 
ment operates in the open with a small shelter house 
over the drive mechanism. Thickener overflow is 
returned by pumps to the mill water system. Thick- 
ener underflow is regulated by spigots and flows by 
gravity to a pump sump, from which it is elevated 
to a splitter box in the filter building. From the 
splitter box the thickened concentrate may be di- 
verted to either or both of two string discharge 
filters 10x%-ft diam x 18-ft face. Filtrate water is 
returned to the thickener tank, and the filter cake 
is discharged to a belt conveyor. The filter cake is 
weighed and sampled prior to discharge from this 
gathering belt. The filter cake, which contains a 
large proportion of gangue-sulfide grains, contains 
18 pet moisture. The belt scale weighing the filter 
cake also regulates feeders for lime and pyrite in 
the smelter fluxing system so as to regulate the 
amount of flux proportional to the tonnage of filter 
cake production. The filter conveyor discharges to 
a cross belt carrying the smelter flux material as 
noted above. The combined filter cake and smelter 
flux is discharged from this cross belt into a pug 
mill, where thorough mixing takes place. Dischargs 
from the pug mill is conveyed to a point in the 
smelter feed and bedding building. From this point 
the mixed charge may be diverted to storage or 
directly to the reverberatory furnace. Pyrite pur- 
chased from an outside source is required in the 
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smelter flux because White Pine ore is deficient in 
sulfur and iron content for matte formation. 


Concentrator Performance 

Design capacity of the concentrator is 10,500 dry 
tons of ore per day. Actual sustained capacity ex- 
ceeds 11,500 dry tons per day, and with all grinding 
units operating under favorable conditions, more 
than 12,500 dry tons per day have frequently been 
achieved, Individual] mill performance has exceeded 
110 tph under favorable ore conditions. 


Mill Metallurgy 


Item Wt, Pet Copper, Pet Distribution 
Feed 100.00 1.198 100.00 
Concentrate 3.25 30.28 82.17 
Slime Tails 39.38 0.161 5.95 
Sand Tails 57.37 0.248 11.88 
Total Tails 06.75 0.221 17.83 


Screen Analyses: Primary Classifier Overflow 
(Flotation Feed) and Filtered Concentrate 


Classifier Overfiow Filtered Concentrate 


Cumulative Cumalative 


Wt, Pet Wt, Pet Wt, Pet Wt, Pet 
+ 66 0.38 
+ 100 2.00 2.38 0.28 
+150 5.45 7.83 0.93 1.21 
+ 290 6.97 14.20 1.64 2.85 
+ 326 10.66 24.46 95 7.78 
325 75.14 92.22 


Reagents 

The reagents in use are fuel oil, lime, Minerec B, 
sodium isopropy! xanthate, pine oil, Dowfroth, and 
American Cyanamid reagent 249. A small amount 
of Separan is used to assist flocculation in the con- 
centrate thickener. 

Dry and liquid reagents in drums are received by 
rail and stored in a convenient location in the rea- 
gent area in the mill. One man on duty one shift 
per day mixes and prepares all reagents and cleans 
and inspects reagent feeders and distributors. 

Pine oil and fuel oil are received in tank cars and 
are unloaded into 25,000-gal underground storage 
tanks. Lime is received as dead burned pebble lime 
in covered hopper cars and is discharged into track 
hoppers and elevated into stee] storage bins. Cov- 
ered screw feeders and conveyors feed and convey 
the pebble lime to an 8x10-ft ball mill, where it is 
slaked with water and converted into milk of lime. 
The milk of lime is stored in four 25,000-gal storage 
tanks equipped with agitators. 

All reagent feeding, with the exception of lime, 
is accomplished by Flowrators. The various reagents 
are circulated throughout the concentrator by 
means of the reagent piping system fed by frac- 
tional horsepower gear pumps. Circulating lines 
are equipped with breather pipes, so that they func- 
tion also as constant head tanks ahead of the Flow- 
rators. Where the reagent flow is to be distributed 
among a number of rows, the regulated stream of 
reagent is divided by distributors of Denver-Lewers 
type. The system has been relatively trouble-free 
and is neat and clean in operation and appearance in 
contrast to the usual unsightly array of reagent- 
encrusted tanks and open type feeders. 


Performance of Desliming Cyclones 


Overfiow 


Solids, Pet 20 1! 


Wt, Pet 100 “ 
Cumulative Cumulative 

Mesh Wt, Pet Wt, Pet Wt, Pet Wt, Pet Wt, Pet 

+ 6 0.40 0.65 

+ 100 2.65 3.06 4.27 4.92 

+ 150 7.31 10.36 11.79 16.71 

1 200 6.66 17.02 10.74 27.45 

+325 10.00 27.02 0.70 15.70 43.15 
$25 72.08 99.30 56.85 


Pressure: 25 to 28 psi Feed inlet: 4% in. ID 


Vortex finder 
Apex discharge: 3 in. ID 


4% in. ID 


Performance of Regrind Circuit Cyclones 


Feed Overfiow Underfiow 
Solids, Pet 15.5 74 
Wt, Pet 100.0 52.1 
Cumulative Cumulative 

Mesh Wt, Pet Wt, Pet Wt, Pet Wt, Pet Wt, Pet 
+ 0.1 04 
+ 100 0.5 0.6 16 2.0 
+150 22 26 52 72 
+ 200 a4 62 72 44 
+325 10.3 16.5 06 2486 39.2 
+ 20,4 474 63.9 “4 53.9 93.1 

204 6.1 63.0 69 


Pressure 36 pai Feed inlet: 3% in. ID 


Apex discharge: 2% in. ID 


Vortex finder 
4% in. ID 
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Reagents Used and Approximate Consumption in Lbs Per Ton 
of Original Feed 


Consumption, 


Reagent Point of Addition Lb Per Ton 
Lime Concentrate thickener and 
tailing sumps 4to5 

Sodium isopropy! 

xanthate Stage-fed into flotation 0.20 
Pine oil Stage-fed into flotation 0.10 
Fuel oil Added to primary grind 0.50 
Reagent 249 Head of secondary flotation 0.015 
Minerec B Added to primary grind 0.12 
Separan Concentrate thickener 0.0001 
Dowfroth Head of primary flotation 0.025 


Minerec and fuel oil are fed to the primary grind- 
ing circuit. Dowfroth is fed to the classifier over- 
flow sump. Xanthate is stage-fed into the circuit 
at the classifier overflow sump, the third cell of the 
primary rougher flotation, and the first, second, and 
third cells of the secondary flotation circuit. Pine 
oil is also stage-fed into the circuit in the third cell 
of the primary rougher flotation and the first and 
third cells of the secondary rougher flotation. Rea- 
gent 249 is added at the head of the secondary 
rougher circuit. Milk of lime is added to the con- 
centrate pump sump and also to the tailings as they 
leave the mill to induce flocculation in these mate- 
rials. Provision is made for lime addition to the ball 
mills, but normally the tailing return water use is 
sufficient for desired alkalinity. A small amount of 
Separan is added to the concentrate thickener along 
with the lime. 

Grinding Balls 

Grinding balls of carbon manganese forged steel 

are purchased in 3-in., 2-in., and l-in. sizes. At 


Underfiew 


Ball Sizes and Consumption in Lb Per Ton of Original Feed 


Consumption 


Ball Size, In. Lb Per Ten 
Original Feed 
3 0.765 
2 0.094 
Total Primary Grinding, In 0.859 
1 0.309 
Total Grinding 1.168 


present, the daily ball ration in the primary mills 
consists of 90 pct 3-in. balls and 10 pct 2-in. balls. 
In the secondary grinding circuit only l-in. balls 
are used. 

Grinding balls are weighed in buckets. The ball 
bucket is transferred by overhead crane to stands 
provided at the feed end of each mill. A simple 
hand lever and launder arrangement is provided at 
this point to discharge the balls into the drum 
feeder of the mill. 


Tailings Disposal 

The sand and slime fractions of the mill tailings 
flow by gravity in separate steel launders from the 
concentrator building to the tailing pump house, 
which is located about 350 ft from the concentrator. 
During the latter part of the flow, the tailing laun- 
ders pass through a concrete-lined tunnel. In the 
tailing pump house, provision is made for the slime 
and sand tailings to be combined and diverted to 
either of two concrete sumps or to retain their 
identity and go to individual sumps. Two batteries 
of rubber-lined pumps, with four pumps to each 
battery, are located in this building. One battery 
of pumps is equipped with 200-hp motors and the 
other four pumps are powered by 125-hp motors 
All pumps are furnished with variable speed V belt 
drives. 

Tailings are pumped to a common header on each 
battery of pumps which joins 24-in. discharge pipes 
connected to each header. Ends of the discharge 
pipes extend 2000 ft and 5000 ft respectively east of 
the tailings pump house. 

At White Pine the short summer season available 
for building dam and the lack of coarse material in 
the tailings seemed to exclude the normal method 
of tailings disposal, whereby the sandy fraction of 
the ore is discharged around the perimeter of the 
dam and becomes the material of which the dam is 
constructed. Another factor in selection of a method 
of tailings disposal was the flat terrain. Ground 
slope in the area is about 40 ft to the mile in the 
direction of Lake Superior, and tailing impound- 
ment is required on a minimum of three sides 

Accordingly an earthen dam of local clay, 20 ft 
high and approximately 7700 ft long, was con- 
structed about 1% miles north of the mill. Wing 
dams 2000 and 3000 ft long extending at right 
angles to the main dam were also constructed of 
clay. Provision was made in the original design of 
the dam for an eventual height of 40 ft. One 10-ft 
lift over the 20 ft has already been accomplished. 
Four concrete decant towers equipped with wood 
weirs are located at convenient intervals close to the 
main dam. These decants are serviced by bridges 
from the main dam and also by outboard motor 
boat. The decanted overflow is conducted through 
the dam in steel culverts to a ditch that parallels the 
downstream face of the dam. This ditch conducts 


the overflow water to a basin where the tailing 
water return pumps are located. Tailing water is 
returned to the 250,000-gal constant head tank at 
the concentrator through 8175 ft of reinforced, pre- 
stressed, concrete pipe of 30 in. diam. A total of 
15,000 gpm of pump capacity is installed in the 
tailing return water pump house. At a convenient 
point in the catch basin for the tailing water, a 
concrete spillway has been constructed. This takes 
care of surplus water due to heavy rainfall or melt- 
ing snow during the spring run-off season. The 
spillway and the tailing dam have functioned well 
During the last year a 4-in. rainfall in 8 hr was 
handled through the system without any difficulty 


Fresh Water Supply 

The fresh water supply for the entire project, 
including the mine, mill, smelter, and townsite, is 
derived from Lake Superior Near Silver City, 
Mich., approximately 5 miles north of the plant site 
on the banks of the Iron River, a 7 x 12-ft shaft, 
110 ft deep, was sunk. A 5 x 7-ft tunnel was driven 
from the bottom of this shaft a distance of 2600 ft, 
traveling under the Iron River and out under Lake 
Superior. At the end of the tunnel a raise was 
driven to the lake bottom, The depth of the water 
at the lake opening is approximately 26 ft. This 
method of going out from the shore of the lake a 
considerable distance was necessitated by the heavy 
lake ice in the winter time. Water flows through a 
grid at the lake bottom entrance into the tunnel and 
shaft to concrete sump. Three Ingersoll-Rand type- 
10HLV pumps, 6000 gpm each at 315-ft total head 
and pewered with 600-hp synchronous motors, de- 
liver the water to the plant site through 24,500 ft of 
36-in. reinforced, prestressed concrete pipe. Upon 
arrival at the plant site, a portion of the water is 
diverted to the water treatment plant for potable 
water needs of the plant and townsite, The remain- 
der coming from Lake Superior goes into the power 
plant spray pond. Cold water from the spray pond 
is in continuous circulation through the steam tur- 
bine condensers in the power plant. The water re- 
turning from the condensers overflows a sump on 
its passage back to the spray pond. From this sump, 
three 6200-gpm pumps are available to deliver 
water to the 250,000-gal constant head tank located 
near the northeast corner of the mill building. Be- 
cause condenser return water is usually at least 10° 
warmer than the lake water, some operational bene- 
fits are derived in the mill from the use of the 
warmer water. A portion of the lake water is di- 
verted prior to entry into the mill tank for use in 
the concentrate launder spray system and also for 
use as gland seal water on the mill circulating 
pumps. 

As demand varies, Telemetering system auto- 
matically regulates the lake pump station as well 
as the mill water pumps 

Total actual water use is slightly less than 1 gpm 
per ton milled per day. About 50 pct of the mill 
water requirements is supplied as fresh water 
The remainder is returned from the tailings dis- 
posal area and from the area draining into the tail- 
ings basin. A large amount of contamination of 
tailing return water by decaying vegetation occurs, 
particularly in the spring and other wet seasons of 
abnormal precipitation and run-off. At these times 
volume of tailing return water must be carefully 


watched to prevent adverse metallurgical results in 
the concentrator. 
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Power Source, Distribution, and Usage 

Power for the entire plant is generated locally in 
a plant of modern design. Three 15,000-kw West- 
inghouse steam turbines generate power at 13,800 v. 
The power plant is of unitized design with two tur- 
bine generators receiving steam from pulverized 
coal-fired boilers. Steam is delivered at 875 psi and 
905°F. The third turbine is operated by steam from 
the waste heat boiler installation in the smelter. 
Power is distributed throughout the operation at 
13,800 v and reduced at the point of usage. All 
power distribution is by means of conduits carried 
in underground tunnels connecting various build- 
ings in the plant site. Steam for heating purposes is 
also carried from a separate boiler in the power 
plant through the same tunnels to the various 
buildings. 

Power enters the mill buildings at 13,800 v and is 
reduced in transformer banks located within the 
buildings. All motors 200 hp or over operate on 
4160 v. Motors under 200 hp operate on 480 v. 
Lighting and a very minor amount of motor equip- 
ment operates on 110 v. In the concentrator build- 
ing an entire bay has been devoted to transformers, 
M.G. sets, and starting equipment. In the crushing 
plant the transformers and starting equipment are 
located under the concrete ore bins. 

Power use in the milling operation averages al- 
most 23 kw-hr per ton of ore milled. Approxi- 
mately 1.71 kw-hr per ton of ore are consumed in 
crushing, conveying, and screening, exclusive of the 
mine conveyors. Approximately 21.26 kw-hr per 
ton of ore are consumed in grinding, concentrating, 
pumping, and water supply, thickening and fil- 
tration and lighting. The tailings pump house and 
the tailing water return pump house are electrically 
heated. 

Mill Organization 

The mill organization totals 113 people, including 
technical employees, supervisory employees, main- 
tenance, laborers, and extra employees, for swing- 
shift operation on a 7-day week, 24-hr day basis. 
Salaried employees and staff total 24 and hourly 
employees total 89. 

The mill dept. is divided into subdepartments: 
operations, technical, and maintenance. 

Operational dept. supervision consists of a pro- 
duction foreman, four regular mill shift foremen, a 
spare foreman, and three crushing plant foremen. 
A total of 50 hourly employed men on all shifts 
comprise the balance of the operating crew. 

The maintenance dept. consists of a maintenance 
supervisor, a concentrator repair foreman, a crusher 
repair foreman, and a labor foreman. A total of 37 
hourly employed men comprise the crew, of which 
23 are classified as maintenance men and 14 as 
common laborers, A salaried tool room clerk com- 
pletes the roster of the maintenance section. 

The technical dept. consists of a mill metallurgist, 
assistant mill metallurgist, two laboratory assist- 
ants, and four sample men. 

All three subdepartments are directly responsible 
to the mill superintendent. A salaried mill clerk 
channels all information, keeps operational records 
and files up to date, and takes care of payroll sheets 
for the mill dept. All work in the mill dept. is 
normally scheduled on a 42-hr week basis. 


Structural Details 
All the buildings in the mill dept. are steel frame 
on reinforced concrete foundations with 20 gage, 
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corrugated, iron panel siding with fiberglass insula- 
tion and built-up roofs. All buildings, except the 
tailings pump house and the tailings water return 
pump house, are heated by fin-type blower units. 
Steam for these heaters is furnished by a central 
heating boiler located in the power plant. 

The crushing plant, including repair bay, is 24 ft 
7 in. long and 69 ft 8% in. wide. Maximum height 
is 123 ft 6 in. and total ground area is 14,180 sq ft. 
Three type-N Rotoclone dust collectors service the 
crushing plant and conveying system. A 40-ton 
overhead crane services the crushers and repair 
bay. All conveyor galleries are of steel frame con- 
struction with corrugated siding. Conveyor gal- 
leries are insulated but unheated. An elevator pro- 
vides transportation of men between various levels 
of the crushing plant. 

The mill building or concentrator is 458 ft long 
and 294 ft wide. The maximum height of 100 ft to 
the roof near the bin side slopes to about 38 ft to the 
roof on the west side of the building. Approximate 
ground area of the concentrator is 134,652 sq ft and 
approximate building space is 9,290,988 cu ft. The 
building is divided into seven bays running the full 
length. The bays are consecutively named, starting 
at the fine ore bins as follows: primary grinding 
bay, secondary grinding bay, cleaner flotation bay, 
primary rougher flotation bay, secondary rougher 
flotation bay, power bay, and a bay containing 
offices, change room, laboratory, and reagent area. 
All the transformers and M.G. sets and electrical 
starting equipment are located on two floors in the 
power bay. The bay containing the mill office, test- 
ing laboratory, change rooms, and sample prepara- 
tion facilities also has sufficient room on the north 
end of the building to provide for reagent mixing 
and handling equipment. Reagent storage is pro- 
vided on the floor directly above the mixing tanks 
in this section. Reagents are elevated to this upper 
floor for storage by means of a hydraulic lift-type 
elevator. A railroad track runs along the west side 
of the concentrator building, and from this location 
reagents and other material can be easily handled. 

The concentrator repair bay extends the entire 
width of the building at right angles to the longi- 
tudinal bays and has a railroad track extending the 
entire length. This repair bay is on the south end 
of the building. On the north end enough room is 
available to put in an entire mill section, including 
ball mills, tube mill, and other equipment should it 
be required. At the present time this area is being 
used for storage and warehousing 

The primary grinding and secondary grinding 
bays are serviced respectively by 100-ton and 50- 
ton overhead cranes equipped with auxiliary hooks 
of 15-ton capacity. All the flotation bays are serv- 
iced by 10-ton overhead cranes. 

The building is without windows except for offices 
and laboratory. Lighting is by means of mercury 
are and incandescent lamps. Uncorrected color 
mercury lamps and incandescent lamps are ar- 
ranged in clusters to approximate daylight con- 
ditions. 
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Contact plant 


The Fluidized Bed Reactor Installation 
At Sparrows Point 


by H. B. Scharf and E. C. Dominguez 


HE Sparrows Point plant of Bethlehem Steel 

Co., southeast of Baltimore, is the largest Bethle- 
hem plant, with an annual rated capacity of 6.2 mil- 
lion ingot tons. There is considerable diversity of 
product, but a high percentage is sheet, tin plate, 
galvanized sheets, and rod and wire. The large 
amount of light-weight end product requires a num- 
ber of pickling installations that necessarily consume 
large quantities of sulfuric acid. In the coking oper- 
ations sulfuric acid is also consumed in recovery of 
ammonia as ammonium sulfate and in treatment of 
recovered light oil derivatives. Total sulfuric acid 
consumption in the plant is currently approaching 
10,000 tons per month, of which 55 to 60 pct is re- 
quired for pickling. 

H. B. SCHARF is Assistant Superintendent, Coke Oven Dept, 
Sparrows Point Plant, Bethlehem Steel Co. E. C. DOMINGUEZ, 
Member AIME, is Research Engineer, Raw Materials Div., Bethichem 
Steel Co., Lebanon, Pa. 

TP 42348. Manuscript, Dec. 12, 1955. New York Meeting, Febru- 
ary 1956. 
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In 1951 the acute sulfur shortage caused grave 
concern as to future sulfuric acid supply for the 
Sparrows Point plant. Raw materials for acid mak- 
ing were already at hand in the form of hydrogen 
sulfide and pyrites sufficient to produce nearly half 
the sulfuric acid required at that time. It was also 
known that the Bethlehem mining activities would 
produce additional pyrites in the future. Late in 1951 
Bethlehem management decided to build a 250-ton 
sulfuric acid plant at Sparrows Point to utilize these 
raw materials. The plant was built and put in oper- 
ation in May 1953. The steel plant has expanded con- 
siderably since 1951, and it is now necessary to oper- 
ate the acid plant far over rated capacity in order 
to supply plant demand. Production of acid in 1954 
amounted to 93,000 tons. 

Raw Materials for Acid Making: Coking opera- 
tions at Sparrows Point produce a residual fuel gas 
in large quantity which has a net heating value of 
525 to 545 Btu. Prior to 1950, plant surplus coke 
oven gas was sold to the local utility company. In 
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Fig. 1—Roasting flowsheet, Bethlehem Steel Co. Sparrows Point plant. 


that year, however, a conversion was made from 
manufactured to natural gas in the area, and it be- 
came necessary to find additional usage in the plant 
for coke oven gas. This development had been 
known, and extensive testing indicated that substi- 
tution of coke oven gas and coal tar or pitch for fuel 
oil in the open hearth furnaces would actually reduce 
the heat time and consequently increase capacity of 
existing furnaces. Coke oven gas, however, contains 
hydrogen sulfide, the amcunt at Sparrows Point 
varying from 300 to 450 grains per 100 cu ft of gas. 
Since sulfur is undesirable in the open hearth fur- 
naces, particularly if high capacity is required, it 
became necessary to remove a large percentage of 
the hydrogen sulfide from the coke oven gas that 
was to be used for open hearth fuel. 

This also had been anticipated, and in July 1950, 
when the conversion to natural gas was made, the 
first unit of the coke oven gas desulfurizing plant 
went on stream. The unit was designed to process 
20,000,000 cu ft of gas per day, reducing the hydro- 
gen sulfide content to 50 grains per 100 cu ft. 

As coking operations expanded, making available 
additional gas, and as the success of the new open 
hearth fuel was demonstrated, additional desulfuriz- 
ing units were put in operation. No. 2 unit went on 
stream in 1952 and No. 3 in 1953. At the present time 
approximately 50 pct of the total coke oven gas, or 
70 million cu ft per day, is being desulfurized and 
utilized in open hearth furnaces, This operation re- 
sults in the production of 20 to 22 tons of hydrogen 
sulfide per day. 

The hot vaccum actification process is employed to 
desulfurize the gas. This is a continuous liquid proc- 
ess where 2 pct sodium carbonate solution is em- 
ployed to absorb hydrogen sulfide from the gas. The 
foul solution is continuously reactified with heat in a 
vacuum system. Hydrogen sulfide along with some 
hydrogen cyanide and carbon dioxide is continu- 
ously removed from the system. Hydrogen cyanide 
is undesirable in the acid plant, so it is removed 
from the mixture of acid gases by selective absorp- 
tion in water. The resultant acid gas mixture, nor- 
mally containing 90 pct hydrogen sulfide, is piped 
under negative pressure to a combustion chamber 
and waste-heat boiler at the acid plant. 

Treatment of iron ore from Bethlehem’s Cornwall 
mine near Lebanon, Pa., has resulted for a number 
of years in the production of a byproduct pyrite con- 
centrate containing a recoverable quantity of cobalt. 
This pyrite was custom roasted for sulfur removal 
in multiple-hearth roasters and subsequently given 
a chloridizing roast prior to water leaching for the 
recovery of the cobalt. Work done by the Bethlehem 
raw materials research dept. indicated that it should 
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be possible to sulfate roast the pyrite initially in a 
fluidized roaster and obtain higher cobalt recovery 
with elimination of the chloridizing roast. Gas from 
the sulfate roasting would contain 7.5 to 8.5 pet SO,, 
which is sufficient for acid making. This has worked 
out satisfactorily in the plant. Approximately 50 to 
55 tpd of Lebanon pyrite is currently roasted in one 
of the three reactors, producing a calcine that is 
water leached without further treatment. Cobalt re- 
covery from the calcine averages nearly 90 pct. 

Pyrites from Bethlehem’s Grace mine near Mor- 
gantown, Pa., will eventually supply raw material 
for the other two reactors. They are, however, cur- 
rently supplied with purchased pyrites obtained 
from Canadian sources. Current operating rate re- 
quires a 70-tpd feed to each of these reactors. The 
Canadian pyrite is dead burned, producing gas con- 
taining 12 pet SO, and calcine containing normally 
0.25 to 0.35 pct total sulfur. 

All calcine is sintered and utilized as part of the 
blast furnace burden. 

Acid Plant General: Pyrites from the various 
sources are received in gondola cars and unloaded 
into separate bins in the pyrite storage building, 
which is equipped with an overhead crane. Canadian 
pyrite is shipped from April through November, 
which necessitates considerable stockpiling to carry 
through the winter. As bin storage is insufficient, it 
is necessary to truck some of the material from the 
building to outdoor storage. During the winter the 
pyrite is reclaimed from storage piles and trucked 
back to the bins as needed. 

The roasting section of the plant consists of three 
fluidized bed reactors, each with its own auxiliary 
equipment. A detailed description of this section is 
presented below. 

A blower located at the acid plant delivers the 
hydrogen sulfide through backfire preventers into 
the combustion chamber. Controls regulate the 
blower so that there is a slight suction in the hydro- 
gen sulfide transmission line at the gas desulfurizing 
plant 4000 ft distant. Secondary air is controlled to 
the combustion chamber to reduce the temperature 
of the combustion gases to 1050°C. The gas contain- 
ing approximately 7 pct SO, passes through a waste- 
heat boiler where it is cooled to 250°C, producing 
7000 lb of steam per hr at 225 psig. 

Gas from the waste heat boiler joins the gas from 
the three reactors in a common duct. The combined 
gas passes through a wet scrubber, where it is 
humidified and cooled to 35° to 37°C. Solids are re- 
duced from 4.1 to 0.03 grains per cu ft. The gas next 
passes through two electrical precipitators in par- 
allel where mist and additional solids are removed. 
The cool clean gas now enters the contact plant, 
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which is conventional in design. Vanadium pent- 
oxide catalyst is employed in a three-stage converter. 

Product acid is withdrawn from the 66°Be drying 
circuit and passes through a stripper where a stream 
of air removes free SO,. The air and SO, are intro- 
duced into the main gas stream ahead of the drying 
tower. 

Product acid, free of SO,, enters one of two 800- 
ton running tanks. Acid for coke oven operations is 
pumped from these tanks directly to small storage 
stations at the two ammonium sulfate plants and the 
light-oil refining plant. Acid for pickling is trans- 
ferred to the various mill storage stations in 10,000- 
gal tank cars. There are 11 of these cars in service. 
A central storage station consisting of two 3000-ton 
tanks permits a moderate working inventory. 

The acid plant is operated as a part of the coal 
chemical section of the coke oven dept. On the day 
shift six maintenance men work five days a week 
and two work Saturday and Sunday. The day shift 
force includes: acid plant foreman, slurryman, car 
positioner, pyrite craneman, gas tester, and acid 
pumpman. All shifts include an acid plant turn fore- 
man, contact operator, reactor operator, and two 
plant helpers. On the second and third shifts, one 
man works seven days per week. Additional main- 
tenance men are drawn as required from general 
departmental or general plant forces. 

Reactor Installation: The reactor installation 
consists of three 18-ft fluidized bed reactors. 
Each reactor is part of a completely independent 
unit. Reactors No. 1 and 2 burn at the present time a 
mixture of Canadian pyrites. Reactor No. 3 treats 
the cobalt-bearing Lebanon pyrite concentrate. The 
flowsheet of the roasting plant is shown in Fig. 1 and 
the general layout in Fig. 2. 

The pyrite storage, pyrite slurry system, dust col- 
lecting system, calcine handling, and calcine storage 
and auxiliary equipment for each of the three reac- 
tors are identical. 

Pyrite concentrate, containing 5 to 12 pct mois- 
ture, is loaded once a day into pan feeders 72-in. 
wide, provided with steel hoppers 5 ft 6 in. by 25x7 
ft 10 in. high. From here the concentrate discharges 


Wet scrubber is shown to left 
of reactors at Sparrows Point 
plant. Common gas duct for 
three reactors is shown at 
center. 
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Fig. 2—General layout, reactor-sulfuric acid plant, Sparrows 
Point. 


onto 24-in. inclined belt conveyors that transfer the 
concentrate into 5x12-ft double-shaft log washers or 
blungers. An overhead electromagnet removes iron 
scrap from the inclined belts. Water is added to the 
blungers to repulp the concentrate and prepare a 
slurry containing 74 to 78 pct solids 

Slurry from the blungers is screened on single- 
deck 3x6-ft low-head vibrating screens using %-in 
mesh stainless steel cloth to remove trash, The slurry 
is pumped from a sump tank by 3-in, diaphragm 
slurry pumps into slurry-agitator tanks 12 ft diam 
and 14 ft high. Sufficient slurry is prepared and 
stored in the first shift to last for 24-hr operation 

Density of the pyrite slurry is checked manually 
in pulp density scales before it enters the slurry 
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Fig. 3a-—-Pyrite dead roasting, dust loading reactor plant. 
Solids in grains per cubic foot dry gas measured at 15°C. 
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Fig. 3b—Screen onalyses for pyrite dead roasting plant. 


storage tanks, The density readings are used to con- 
trol the amount of water added to the blunger. 

Slurry from the slurry storage tanks is pumped by 
2-in. diaphragm pumps into constant-head tanks 4 ft 
diam by 5 ft high. Excess slurry flows by gravity 
back to the slurry storage tank. From the constant- 
head tanks the pyrite slurry is finally pumped by 
1%-in. diaphragm pumps into the reactors. Dupli- 
cate pumps insure continuous operation. 

The abrasive character of the pyrite, together 
with the corrosive properties of the slurry, due to 
the presence of 2 to 15 pet pyrrhotite in the concen- 
trates used, made it necessary to protect all the 
equipment handling the pyrite slurry against both 
abrasion and corrosion. Rubber covering and 316 
Stainless steel ove used in the slurry-feed systems. 
Use of 316 stainless steel has greatly helped in main- 
taining a continuous trouble-free operation. 

The roasters are single-compartment fluidized bed 
reactors, The 20 ft 3-in. diam steel shell is protected 
inside with 9 in. of insulating refractory and 4% in. 
of fire brick and outside with 2% in. of insulation. 
The purpose of the insulation is to maintain skin 
temperatures of about 550°F to protect the steel 
against possible attack by the roasting atmosphere. 
A 5-ft fluid bed, composed of roasted pyrite parti- 
cles, practically all coarser than 200 mesh (74 ,), is 
maintained inside the reactor by means of an over- 
flow pipe. The freeboard amounts to about 10 ft. 

The air to fluidize and roast the pyrite concentrate 
is supplied by multistage turbo blowers rated at 6000 
scfm and 5 psig differential pressure. Air at about 
4 psig enters the wind box of the reactor and is dis- 
tributed throughout the area of the roaster by 332 
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nonsifting nozzles. A superficial velocity of 1.2 to 1.5 
fps, measured at the roasting temperature, is main- 
tained inside the reactor. 

An auxiliary fuel oil burner is used to bring the 
fluid bed above the ignition temperature of the 
pyrite at the start of the roasting operation. The 
exothermic character of the chemical reaction re- 
sulting from the burning of the pyrite maintains the 
combustion process once it is started. 

Pyrite slurry is fed into the reactor through a 
l-in. diam stainless steel gun at about the level of 
the fluid bed. The gun extends about 12 in. inside the 
reactor wall. Each reactor is equipped with two guns. 

The temperature to be maintained in the roasting 
operation is controlled by injection of water through 
the feed gun. A temperature-recorder-controller in- 
strument regulates automatically an air-operated 
valve in the water line. The sensing element that 
activates the controller is a thermocouple that meas- 
ures the bed temperature at a point 1 ft above the 
air-distributing bottom plate and below the feed 
gun. 

Practically all the roasted pyrite particles smaller 
than 150 mesh (104 ,») leave the reactor with the 
gases resulting from the roasting operation. The 
carryover is roughly about 95 pct for reactors No. 1 
and 2 and about 75 pct for reactor No. 3. Part of the 
solids (dust) is recovered in a two-stage cyclone 
system; the balance is collected by a wet scrubber. 
No attempt to recover the solids from the scrubber 
effluent has been made up to the present time. Loss 
of solids in the scrubber effluent amounts to about 8 
pet of the weight of the feed for reactors No. 1 and 2 
and about 12 pct of the weight of the feed for reac- 
tor No. 3. 

The dust-collecting cyclone system consists of a 
single 78-in. diam cyclone per stage. Cyclones are 
protected inside with a 3-in. thick castable refrac- 
tory lining and on the outside with 2% in. of block 
insulation. 

Dust loss is particularly serious in the No. 3 unit, 
which handles the cobalt-bearing Lebanon pyrite 
concentrate. To improve the dust collecting efficiency 
in this unit, the secondary cyclone in the system de- 
scribed above has been replaced with a bank of four 
30-in, diam stainless steel cyclones connected in par- 
allel. With this arrangement the calcine loss has been 
decreased to 6 pct of the weight of the feed. 

The poor collecting efficiency shown by the 
cyclones is not only due to the particle size of the 
calcine lost (50 to 55 pct of this material is smaller 
than 10 » and practically all of it is —40 »), but also 
to the character of the —60 y calcine particles that 
often plug up the cyclone discharge legs. Use of 
thermocouples located in the seals of the discharge 
legs has helped warn the operator when the cyclones 
are not functioning properly. Usually, rodding or 
blowing a discharge leg is sufficient to open it. 

The reactor overflow and each one of the cyclone 
discharge legs are equipped with U-type seals. One 
side of the U is connected to the cyclone tailpipe. 
The collected calcine is fluidized with a small amount 
of air (from 1 to 7 cfm per seal) and forms a barrier 
to the gaseous roasting atmosphere. As calcine col- 
lects in the seal, the excess solids overflow through 
the opposite side of the U. 

These U seals also provide a convenient way to 
discharge the hot calcine (about 400°C) into rotary 
coolers 3 ft diam by 25 ft long that are partially sub- 
merged in water. The calcine is cooled here to about 
40°C. From the cooler 3-in. pneumatic conveyor sys- 
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tems transfer the calcine into 150-ton storage bins. 
Rotary unloaders receive calcine from the storage 
bins, add about 12 pct water and discharge the mois- 
tened material into railroad cars. Addition of water 
is necessary to prevent dusting of the calcine. 

Finally, a dual-bag filter unit on top of No. 3 bin 
is used to clean the air from all three pneumatic 
conveyor systems before it is exhausted to the 
atmosphere. 

Instrumentation and Control: Temperatures in 
each of the reactors are measured and recorded at 
the wind box: at 1 and 3 ft above the bottom air- 
distributing plate, in the fluid bed; at 1.0 ft below 
the top of the reactor, in the freeboard; at the gas 
outlet from the secondary cyclone; at the discharge 
legs from the cyclones; at the cooler inlet and cooler 
discharge. The thermocouple which measures the 
bed temperature at 1.0 ft above the bottom plate is 
connected to a temperature-recorder-controller in- 
strument. The water added to control the roasting 
temperature is regulated by this instrument. An in- 
dicating rotameter in the instrument panel measures 
the addition of cooling water. The operator logs the 
temperatures and the rate of cooling water every 
2 hr. 

Pressures at the wind box, bottom of the fluid bed, 
freeboard, and exhaust duct at the secondary cyclone 
are measured by indicating pressure gages located in 
the instrument panel. Air flow is measured by an 
orifice plate and the volume is recorded by instru- 
ment. Air flow is regulated manually by means of a 
butterfly valve. Pressures and air flow readings are 
logged every 2 hr. 

The pyrite-slurry density is measured manually 
in pulp-density scales every 2 hr. The slurry sample 
is cut at the inlet of the constant-head tanks. Con- 
sumption of slurry is checked by measuring the drop 
of the slurry level in the slurry-agitator tanks at 
2-hr intervals. The timer setting and the stroke 
length of the diaphragm feed pump are checked 
every 2 hr. All these readings are recorded on the 
operating log sheet. The amount of slurry fed is con- 
trolled by adjusting the number of strokes, the 
length of the stroke or both, in the diaphragm feed- 
ing pumps. 

Composition of gases leaving the secondary cy- 
clones is determined manually at least once a day. A 
continuous oxygen gas analyzer is used to record the 
oxygen content in the exhaust gases of any one of 
the three reactors. The gas analysis serves to check 
both the feeding and fluidizing air rates. 

In practice the operator is given the amount of 
air, the tonnage, and the roasting temperature de- 
sired. The SO, and O, content of the exhaust gases 
indicates when the roasting is progressing properly. 
Once the amount of fluidizing air is fixed, it is a mat- 
ter of adjusting the pyrite feed rate to maintain a 
given set of roasting conditions. 

Composition, which is fairly constant, and tonnage 
of the pyrite concentrates processed in the re- 
actor section are checked by sampling and weighing 
each railroad car received. Each composite of every 
source is sized weekly and analyzed for sulfur, iron, 
silica, copper, and zinc; Lebanon pyrite is also ana- 
lyzed for cobalt. Because of the value of Lebanon 
pyrite, this concentrate is sampled again in slurry 
form at the constant-head tank. A weekly composite 
of samples cut every 2 hr is analyzed for sulfur, iron, 
cobalt, and copper. 

Calcine output is sampled and weighed as it leaves 
the plant. Composition of the Canadian calcine, it 
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was found, remains fairly constant, and weekly sam- 
ples taken from the railroad cars are screen sized 
and analyzed for moisture, iron, sulfur, and silica. 
The Lebanon calcine is sampled every 2 hr at the 
cooler discharge and also at the railroad cars before 
it leaves the plant. The 2-hr sample is composited 
daily and the daily composites are recomposited 
weekly. Part of the daily sample is leached in water 
to determine the soluble cobalt content of the cal- 
cine. The cobalt extraction is computed from the 
cobalt content of the leaching solution. The weekly 
composite calcine is also leached in water, but the 
calcine, the leaching solution, and the leached resi- 
due are analyzed: the solids for iron, cobalt and sul- 
fur, the solution for iron and cobalt. The cobalt con- 
tent of the weekly composite calcine is used to 
compute the extraction in the daily composite. The 
calcine sample from the railroad cars is leached in 
the same manner. 

The quantity and composition of the solids leav- 
ing the secondary cyclones are checked by samples 
taken from the water scrubber effluent. A sample is 
cut every 2 hr and composited daily. Consistency of 
daily results made possible a weekly recomposite. 

The composite effluent sample is first analyzed for 
percent solids. Iron, cobalt, and sulfur are deter- 
mined in the solids, and iron, cobalt, and sulfate 
radical in the clear solution. These analyses, to- 
gether with the amount of water used in the scrub- 
ber, give a check on the dust losses from the re- 
actor units. The water used in the scrubber is 
measured by rotameters and every 2 hr the readings 
are recorded in the scrubber daily report log sheet. 

Dead Roasting of Pyrite: Pyrite concentrate is 
dead roasted in the fluidized bed reactors at Sparrows 
Point to convert the sulfur into sulfur dioxide gas 
of sufficient strength for manufacture of sulfuric acid 
Secondary to the roasting operation is recovery of 
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Fig. 40—Pyrite sulfate roasting dust loading reactor plant. 
Solids in grain per cubic foot dry gas measured at 15°C 
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Fig. 4b—Screen analyses for pyrite sulfate roasting dust 
loading reactor plant. 
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Table |. Operating Data for Dead Roasting Pyrites 


Weight of feed, pet: 8, 46 to 50 
Fe, 44 to 45 
Cu, 0.06 to 0.40 
Zn, nil to 0.90 
Bi0,, 0.80 to 2.50 


Sieve Analysis 


Mesh c 
65 lto 7 
100 5to17 
200 12 to 40 
325 20 to 72 


Roasting Operation 


Feed: rate, 71.5 dry net tpd reactor 
siurry, 76.0 pet solids 
Air: 45 cu ft per lb, or 4500 cfm 
Temperatures: wind box, 52°C 
bed, bottom, 800°C 
middie, 808°C 
freeboard, 705°C 
second cyclone, exit, 643°C 
cooler iniet, 419°C 
cooler outlet, 36°C 
Pressures: wind box, 4.1 psig 
fluid bed, 568 i.w 
freeboard, 13 
second cyclone, exit, 6 iw 
Secondary cyclone exhaust gases, pct by volume: 
11.5 (computed pet, 12.7) 
SOx«, nil (computed pet, 0.7)* 
Op», 1.8 (computed pet, 2.8) 
Ny, nil (computed pet, 83.8) 
Moisture content: 20.0 pet (computed, wet basis) 
Dust loading: 2.2 ib per 1000 cu ft (computed, dry basis) 
Water to reactor: in slurry feed, 3.1 gpm per reactor 
to control temperature, 6.5 gpm per reactor 


Caleine Recovered, 42.4 Tpd Per Reactor 


Weight, pet: Fe, 63 to 66 
5, 0.15 to 0.50 
BiOe, 1.5 to 4.5 


Bleve Analysis 


Mesh Cumulative Pet Retained 
65 0.2 to 2.0 

100 

200 15 to 30 

325 40 to 60 


Caleine Lost (Computed), 6.6 Tpd Per Reactor 


Fe, 56 to 57 pet 
8, 2.0 to 2.5 pet 


* Ratio of SO, to SO, determined by test 


the iron content of the concentrate as an iron oxide 
calcine. 

Roasting conditions necessary to insure the maxi- 
mum generation of sulfur dioxide gas are known. 
In the dead roasting operation at Sparrows Point, 93 
to 95 pet of the sulfur in the pyrite is converted to a 
sulfur dioxide gas analyzing 12 to 13 pet SO,. The 
oxygen content of these gases is maintained at 1 to 
2 pet. Typical operating data obtained during the 
dead roasting pyrite concentrates are summarized in 
Table I, and dust loadings in the gaseous reactor 
products are shown in Figs. 3a and 3b. 

The fluidized bed reactors have been operated at 
different rates of feed and with four different kinds 
of pyrite concentrates. Feed rates have varied from 
a low of 35 tpd up to 90 tpd. At the highest feed rate 
the calcine conveying equipment reached its maxi- 
mum capacity. One of the pyrite concentrates was so 
fine that it was necessary to operate the reactor with 
no overflow, and flue dust was mixed with the con- 
centrate to maintain a satisfactory bed level. The 
level of the fluid bed is checked by measuring the 
pressure at the bottom of fluid bed; 60 to 65 i.w. are 
maintained in all three reactors. 

The sulfuric acid section of the plant is shut down 
at least once a year for about a week. In these in- 
stances the reactors are blanked off. The fluid beds 
cool down at a rate of 50° to 60°C per day in moder- 
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Table !!. Operating Data for Sulfate Roasting Lebanon Pyrite 
Concentrate 


Weight of feed, pet: 8S, 48.9 


Sieve Analysis 


Mesh Cumulative Pet Retained 
48 06 
65 19 

100 9.1 

200 40.5 

325 61.1 


Roasting Operation 


Feed: rate, 55 dry net tpd reactor 
slurry, 75 pet solids 
additives, 10 ib soda ash per ton of concentrate 
Air: 60 cu ft per ib, or 4600 cfm 
Temperatures: wind box, 49°C 
bed, bottom, 600°C 
middle, 614°C 
freeboard, 603°F 
second cyclone, exit, 566°C (legs =450°C) 
cooler inlet, 380°C 
outlet, 49°C 
Pressures: wind box, 3.8 psig 
fluid bed, 67 i.w 
freeboard, 15 i.w 
second cyclone, exit, 9 iw 
Secondary cyclone exhaust gases, pct by volume 
80>, 7.4 (computed pet, 8.3) 
SOx, nil (computed pet, 1.3)* 
Oy, 7.8 (computed pct, 7.2) 
Nz», nil (computed pet, 83.2) 
Moisture content: 25.6 pct (computed, wet basis) 
Dust loading: 1.09 lb per cu ft (computed, dry basis) 
Water to reactor: in slurry pulp, 3.0 gpm 
to control temperature, 5.5 gpm 


Caleine Recovered, 37.2 Dry Net Tons Per Reactor 
Weight, pct: Fe, 57.0; Co, 1.95; and 8, 3.8 


Sieve Analysis 


Mesh Cumulative Pet Retained 
65 1.1 

100 5.1 

200 30.6 

325 52.0 


Caleine Lost (Computed), 3.4 Dry Net Tons Per Reactor 
Fe, 43.5 pet 
Co, 1.75 pet 
8, 11.2 pet 
Cobalt solubility, 89.5 pet 
Ratio of Co to Fe solution, 3.5 to 1.0 


Roasting Balance 


Analysis Distribution 
Weight, Fe, Ce, 8, Fe, Ce, 8, 
Material Pet Pet Pet Pet Pet Pet Pet 
Concentrate: 100.0 41.2 1.42 48.9 100.0 100.0 100.0 
Caleine 
Overflow 18.5 58.6 1.84 2.3 26.3 23.9 0.9 
First cyclone 35.6 612 2.08 1.7 52.9 52.0 12 
Second 
cyclone 13.5 43.5 1.75 112 14.2 16.5 3.1 
Composite 67.6 57.0 1.95 3.8 93.4 92.4 5.2 
Losses 62 43.7 1.74 114 6.6 76 la 
Total 73.8 55.8 1.93 44 100.0 100.0 6.6 
Gases,** Pct by Volume: SO», 8.3; SOs, 1.3; Os, 7.2; Ne, 83.2 
Leaching Balance 
Analysis Distribution 
Weight, Fe, Ce, ae Ce, 8, 
Material Pet Pet Pet Pet Pet Pet Pet 
Leached 
Residues 
Overflow 16.5 65.5 0.20 0.23 26.2 2.3 0.08 
First 
cyclone 32.3 67.1 0.27 0.09 52.6 6.1 0.06 
Second 
cyclone 94 60.5 0.29 0.37 13.8 1.9 0.07 
Composite 58.2 65.6 0.25 0.17 92.6 10.3 0.21 
Solutions 
Overfiow Co to Fe 66 0.11 21.6 0.80 
First 
cyclone Coto Fe 8.1 0.20 459 1.18 
Second 
eyclone Coto Fe 1.1 0.47 14.6 3.06 
Composite Co to Fe 3.6 0.78 82.1 5.04 


** 81.0 pet of the sulphur content of the gases was in the form of 
SO, and 12.4 pet in the form of SO, 
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Fe, 41.2 
Co, 142 
Cu, 0.31 
Insoluble, 4.5 
— 
> 


ate weather. If the shutdown does not last more than 
7 days the reactors are put into operation without 
preheating the beds. 

The overall conversion of sulfur into sulfuric acid, 
obtained by dead roasting pyrite concentrates, is 88 
to 90 pct of the sulfide sulfur. 

Forty-four thousand dry net tons of Canadian 
pyrite concentrate were dead roasted in 1954. 
Twenty-five thousand three hundred dry net tons of 
calcine were recovered. The sulfuric acid manufac- 
tured from these pyrites was estimated at 58,200 net 
tons of 100 pct sulfuric acid. 

Cobalt Sulfate Roasting: Roasting conditions that 
promote sulfatization are the opposite of those 
maintained in dead roasting. The theory of sulfate 
roasting is well known. Commerical application of 
these conditions to both preferentially sulfate cobalt 
and production of sulfur dioxide gas of sufficient 
strength to manufacture sulfuric acid has not been 
done before in a single roasting operation. Typical 
operating data obtained during the sulfate roasting 
of Lebanon concentrates are summarized in Table 
II, and dust loadings in the gaseous reactor products 
are shown in Figs. 4a and 4b. 

The ratio of iron to cobalt in the Lebanon pyrite 
concentrate varies from 20 Fe to 1 Co to 30 Fe to 1 
Co. The reactor roasting of this concentrate under 
conditions to promote the preferential sulfatization 
of the cobalt has given an average 90 pct cobalt 
extraction at the leaching plant. Average iron solu- 
bility is about 0.75 pct of the iron contained in the 
sulfated calcine. The ratio of cobalt to iron in the 
leaching solution averages 3.5 Co to 1 Fe. 

The sulfur dioxide content in the gases leaving the 
secondary cyclone is 7 to 8 pct, the oxygen content 
6 to 7 pet. Conversion of sulfur into sulfur dioxide, 
obtained by sulfate roasting, is 80 to 83 pct of the 
sulfide sulfur. Overall conversion of sulfur to sul- 
furic acid is 75 to 78 pct of the sulfide sulfur. 

In the course of investigating the effect of the sul- 
fate roasting gases on production of sulfuric acid, 
Lebanon pyrite concentrate was dead roasted for five 
months in 1954. The concentrate was roasted at 
1560°F (850°C). A feed rate of 50 to 55 tpd with an 
air rate of 3500 to 3600 cfm (46 cu ft per lb of con- 
centrate) was maintained. Cobalt solubility dropped 
to about 0.7 pet, sulfur conversion to sulfur dioxide 
gas increased to 86 to 88 pct, and overall conversion 
of sulfur to sulfuric acid increased to 81 to 83 pct of 
the sulfide sulfur. The dead burned calcine was 
chloridize roasted and cobalt extractions of 90 to 92 
pet were obtained. This cobalt extraction was much 
higher than that obtained when the same material 
had been dead burned in previous years in multiple- 
hearth roasters. 

To date Lebanon pyrite concentrate has been sul- 
fate roasted at rates of 35 to 55 tpd. Availability of 
this concentrate has dictated the roasting rate. From 
August to December 1954 a total of 5600 dry net tons 
were sulfated. Calcine shipped in the same period of 
time totaled 3500 dry net tons. Production of sul- 
furic acid from the sulfate roasting operation was 
estimated at 6700 net tons of 100 pct sulfuric acid. 

Operational and Maintenance Difficulties: The 
original installation included centrifugal pumps for 
slurry handling. Such pumps had performed satis- 
factorily on similar applications. In this case, how- 
ever, the pyrite contained pyrrhotite and was much 
more abrasive than anticipated. The cast iron pumps 
were a continual source of trouble in the initial op- 
erating stage. In some cases rotors were replaced 
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after 24 to 30 hr of service. A change to rubber-lined 
pneumatic pumps was quickly made. These pumps 
have proved satisfactory. 

The severe abrasive and corrosive condition also 
made it necessary to change the slurry agitator 
mechanisms from steel to type 316 stainless steel. 

There is considerable replacement required on 
blunger shafts and paddles as well as on the rotors 
and barrels of the calcine pumps that feed the pneu- 
matic conveying system. Some change in material is 
called for here. 

Piping in the calcine conveying lines, particularly 
the bends, has relatively short life. A number of ex- 
perimental pieces have been installed, including 
hard cast iron-backed steel pipe and silicon carbide- 
lined pipe. 

Originally the calcine from the cyclones was col- 
lected in water-jacketed stainless steel screw con- 
veyors, which fed the material into the rotary 
coolers. These conveyors proved to be high mainten- 
ance items. When it was found that one of the three 
sections could be eliminated, this change was made 
on all three reactors, reducing screw maintenance by 
a third. Recently the shortened screw was com- 
pletely eliminated on one reactor. Feeding calcine 
directly into the cooler appears satisfactory, and it is 
probable that the screws will be eliminated entirely. 

Some difficulties have been encountered due to 
particle size of the pyrites. The original purchased 
pyrite was extremely fine (85 pct —325 mesh) and 
contained considerable pyrrhotite. Due to the fine 
particle size it was necessary to add flue dust to 
maintain a reactor bed, and of course a high percent- 
age of calcine passed through the cyclones and was 
lost in the scrubber effluent. The material showed a 
tendency to pelletize in repulping, which resulted in 
a high rate of reject from the vibrating screen. This 
rejected material was recycled. There was also pel- 
letizing in the slurry-circulating system which 
eventually caused stoppages. Pyrrhotite may have 
been responsible for the pelletizing. 

Material from another source was considerably 
coarser with 40 pct —325 mesh. This pyrite slurried 
nicely and even when it was blended with 50 pct of 
the first material there was no difficulty in maintain- 
ing reactor beds at high operating rates. Using the 
first material alone it was impossible to operate over 
50 pct of rated reactor capacity. Later shipments of 
the second material were still coarser, ranging from 
25 to 35 pet —325 mesh. Reduction of fines to this 
extent proved unsatisfactory when the material was 
used without blending. In the Sparrows Point slurry 
system with the pyrites used it has been found es- 
sential that there be approximately 40 pct fines 
(—325 mesh); otherwise the slurry is not stable and 
the coarser particles settle out, causing stoppages. 

During early operation of the plant there were 
several occasions where reactor beds became clink- 
ered and defluidized. It was necessary to remove the 
clinkered material and make a new bed. This condi- 
tion was largely the result of unsatisfactory opera- 
tion of the slurry system, particularly the pumps 
Overfeeding or overaddition of water for control 
usually started the trouble. Since operation of the 
auxiliary equipment has been improved there has 
been no difficulty with reactor operation. Since early 
1954 plant delays due to the reactors have been 
practically nonexistent. 

Discussion sent to AIME (2 copies) before Aug. 31, 1956 will ap 


pear in Minine and in AIME Transactions, Vol. 206 
1956 
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More Rock Per Dollar 
From the Maclntyre Pit 


by F. R. Jones 


T Tahawus, N. Y., National Lead Co. operates 

the MacIntyre development. Here the world’s 
largest titanium mine produces 5200 long tons of 
ore per day and pours 8000 long tons of waste rock 
over its dumps. Concentrated ilmenite is sent by 
rail to National Lead Co. pigment plants, and a 
second product, magnetite, is sold to steel producers 
in raw form or is agglomerated and shipped as 
sinter. 

Several earlier attempts had been made to pro- 
duce iron from the deposits, which have been known 
since 1826. These attempts failed, chiefly because of 
titanium impurity. In 1941 the present owners re- 
established the operation for production of war- 
scarce ilmenite, and the impurity became the main 
product, 

The Ore: The MacIntyre ore zone is about 2400 ft 
long and 800 ft wide in horizontal measurements. 
Ore outcrops were found on the northwest side of 
Sanford Hill, 450 ft above Sanford Lake and 2500 ft 
southeast. The zone dips at about 45° toward the 
lake and plunges to the southwest. 

The ore minerals, ilmenite and magnetite, are un- 
evenly distributed in bands roughly parallel to the 
long axis of the ore zone and are interspersed with 
bands and horses of waste. Hanging wall ores are 
fine grained and grade from rich ore to waste rock 
or gabbro. Footwall ores are coarse grained and are 
almost entirely ilmenite and magnetite. The foot- 
wall waste rock, anorthosite, is the common country 
rock. Several faults cut the ore zone. These faults 
have no great displacement but do contribute to the 
great physical variations in ore rock and surround- 
ing waste. 

The Mine: The MacIntyre mine is an open pit 
operation, with benches at 35-ft intervals. The low- 
est bench is now 54 ft below lake level. 

Loading equipment consists of three electric- 
powered shovels (a P & H model 1400 with 4-yd 
dipper and two Bucyrus-Erie models 85-B with 
2\%-yd dippers) and one diesel-powered shovel (a 
Northwest model 80D with 24%-yd dipper). 

Ore and waste are transported to a 48x60-in. jaw 
crusher in ten 22-ton Euclid trucks with 300-hp 


F. R. JONES, Member AIME, is Mine Superintendent, Macintyre 
Development, Titanium Div., National Lead Co., Tahawus, N. Y. 

TP 4228A. Manuscript, Nov. 14, 1955. New York Meeting, 
February 1956. 


diesel engines. Ordinarily the two Bucyrus-Erie 
2'%-yd shovels load ore into a fleet of three or four 
trucks. This combination works two 8-hr shifts per 
day, moving 5200 long tons of ore to the crusher 
and removing a small portion of the waste rock. 
The P & H model 1400 shovel, with a fleet of four 
trucks, loads waste on three shifts per day. The 
mine operates on a 5-day week, with a small main- 
tenance crew working Saturday. 

Oversize rock is broken by a dropball handled by 
an Osgood model 825 rubber-mounted crane.’ Ore 
and waste are broken by drilling and blasting 9-in. 
diam vertical holes behind the benches. Bucyrus- 
Erie 42-T churn drills are used to drill the holes, 
which are extended 4 ft below the bench level on 
which the broken rock will fall. 

Drilling and Blasting History: In its early years 
the mine was equipped with Bucyrus-Erie 29-T 
churn drills, which drilled 6-in. holes. To keep up 
with production requirements the hole diameter was 
soon increased to 9 in., and by 1950 the three 42-T 
drills now in use had been acquired. 

Early blasting experiments with different kinds 
and grades of explosive led to adoption of 90 pct 
straight gelatin dynamite as standard. It was recog- 
nized that this explosive was expensive, and from 
the start of operations until 1950 extensive experi- 
ments were made using blasting agents of the am- 
monium nitrate family. Results were recorded as 
uniformly poor, with great build-up of oversize 
rock. The expense of these experiments, and the 
discouraging results, caused the abandonment of 
any expectation of breaking MacIntyre rock with 
anything but 90 pct straight gelatin dynamite. 

Further standardization led to 9-in. well drillhole 
spacings set at 16 ft in ore and 18 ft in waste, excep- 
tions being permitted only for unusual conditions. 
The hole burdens were theoretically about 22 ft. 
Due to the extreme back-slope of bench faces, caused 
by blasting with heavy charges of dynamite, actual 
burdens were commonly well over 30 ft. Lack of 
precise control resulted in many holes having a 
burden as light as 15 ft. 

General practice was to stem 6 or 7 ft of hole with 
magnetite concentrate, the amount of stemming be- 
ing left to the discretion of the pit foreman. Usually 
all holes in a row were fired instantaneously with 
Primacord detonating fuse. Millisecond delays were 
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used for occasional multiple rows only, or for other 
unusual conditions. 

Frequent increases in cost of dynamite and well 
drilling supplies were countered by improved tech- 
niques, so that primary drilling and blasting cost 


Table |. Cost History of Well Drilling and Blasting* 


Comparative 
Well Drill 
Blasting, 

Cost per Ten 
Produced 


Comparative 

Well Drilling, 

Cost per Ton 
Produced 


Production 
Ore and Waste, 
Leng Tons 


1,706,898 
3,499,226 
3,498,202 
2,625,217 
2,781,621 
2,235,288 
3,368,753 


* Base year 1953 = 100 


per long ton changed very little during the recent 
life of the operation up to and including 1953, see 
Table 1. 

Further Testing: In view of the increasingly wide- 
spread use of cheaper explosives for open pit blast- 
ing, it was decided that a cheaper blasting procedure 
must be found for the MacIntyre mine. Because of 
previous poor results from costly experiments, it 
was realized that further testing must be carried out 
with utmost caution. The following procedure was 
outlined: 

1) Records would be set up to indicate in detail 
what results were being obtained from present drill- 
ing and blasting practices. 

2) To assure uniformity, burdens on blastholes 
would be carefully controlled by survey. 

3) By careful relating of dynamite charge to 
burden, spacing, and kind of rock being blasted, 
possible economies with the present explosive would 
be explored. 

4) Explosives manufacturers would be asked to 
recommend cheaper blasting techniques. 

5) The technique apparently best suited to Mac- 
Intyre conditions would be given fair trial, under 
guidance of the blasting experts of the explosives 
manufacturer. 

6) If test results indicated substantial savings, 
a continuous program of cost reduction by improved 
techniques would be followed. 

Establishment of Records: The following system of 
records was established: 

1) The mine engineering dept. provided a shot 
map on a scale of 1 in.:50 ft for each shot, or group 
of holes to be fired. On the map the toe burden of 
each hole was shown (thickness of rock to be 
sheared at the bench elevation on which broken 
rock falls) and depths of holes were indicated. 

2) The mine superintendent or his assistant 
made a shot sheet detailing the loading of holes. 
Once testing was well advanced a standard form 
was devised, and charting the shot sheet, Fig. 1, was 
turned over to the mine engineering dept. 

3) For visual comparison when new explosives 
were introduced, shots were photographed and prints 
produced at a standard scale, approximately 1 in.: 25 
ft at crest-line. In general, shots were photographed 
at two stages: freshly shot and about half loaded 
out. 

4) The number of oversize chunks was recorded 
for each shot. 
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Starting in September 1954, the outlined test pro- 
cedure was applied. Early records pointed up the 
irregularity of toe burden achieved by current prac- 
tices. Heavy crest damage from instantaneous blast- 
ing of heavy dynamite charges caused burdens on 
subsequent holes to be very heavy, while lack of 
precise survey control resulted in many very light 
burdens, Figs. 1 and 2. To reduce crest damage, or 
back-break, millisecond delay firing with primar- 
cord connectors was introduced for all shots 

Examination indicated that good blasting results 
throughout the pit were being obtained from shots 
with standard spacings (16 and 18 ft) and burdens 
up to at least 26 ft. In order to provide a starting 
base, all burdens were then pegged at 26 ft. With 
instantaneous blasting, a burden as low as 26 ft was 
seldom uniformly attainable. In shots drilled behind 
a millisecond delay blast it was unusual for the crest 
condition to impose a burden in excess of 26 ft for 
any hole, Fig. 2. 

Four-Month Results: At the end of January 1955 
the results shown in Table II had been obtained 

The overall picture was most encouraging. Sav- 
ings up to 33 pct in drilling cost per ton and 22 pet 
in blasting cost per ton were indicated. During the 
four-month period the apparent combined saving on 
1,088,011 tons of ore and waste produced was $31,462, 
as compared to costs for the first nine months of 
1954. This saving was realized in spite of a dynamite 
price increase of 6.8 pct at the beginning of the test 
period. 

Although the testing program did not attain the 
maximum saving possible by carefully relating 
dynamite charges to burden, spacing, and kind of 
rock, it was recognized that further saving by re- 
duction of dynamite consumption per ton of ore and 
waste blasted would be relatively small and would 
be countered by increasing shovel maintenance costs 


Table ti. Comparative Well Drilling and Blasting Costs* 


Comparative 
Comparative Well Deitt 
Well Drilling, Blasting, 
Cost per Ten Cost per Ton 
Produced 


Production, 
Ore and Waste, 


Period Long Tons 


1953 3,368,753 129 
1954 (first nine 
months) 
September 1954 to 
January 1955 
(four months) 
January 1955 


2,363,718 


1,088,011 
278 644 


* Base: first nine months of 1054 


and reduced production. It was therefore decided 
that the time was appropriate for beginning experi- 
ments with cheaper explosives or blasting agents 

Choice of Experimental Material: In the choice of 
experimental explosive materia] the following con- 
siderations were involved: proved performance, 
safety, water resistance, flexibility, and cost 

Previous experience pointed to the need for a 
strong explosive. It was thought that use of a slow 
or weak explosive would defeat possible savings by 
increasing shovel maintenance and secondary break- 
ing. It was considered wise, therefore, to try a fast, 
powerful explosive well proved in the field 

It was recognized that members of the dynamite 
family are relatively sensitive to shock and abrasion 
As evidenced by MaclIntyre’s record of 14 years 
without blasting accidents, with due care and rigid 
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Year 
1947 155 101 
1948 121 101 
1949 88 81 
1950 88 
1951 88 104 
1952 91 
1953 100 100 ; 
90 
100 
78 
63 
100 


6114 19 
109 
26 0 “oO 


Fig. 1—Typical irregularity of toe burden behind instantane- 
ous shots. Gabbro and anorthosite waste and ore. Average 
breakage. 0.305 |b per ton. Estimated tonnage, 21,600. 
1540 tons per hole. Total chunks, 60. 


safety practice 90 pct straight gelatin dynamite can 
be handled safely. It was believed that the margin 
of safety could be increased by introducing a less 
sensitive explosive. 

The MacIntyre pit is a compact unit. From a 
relatively small number of active benches, a variety 
of grades and types of ores are required for con- 
centrator feed. Although shots are usually loaded 
and fired the same day, when the ore requirement 
is changed a shot is sometimes loaded and left 
for several days, and occasionally longer. Because 
ground water seepage and storm drainage often fill 
drillholes with water, water resistance was a prime 
factor in the choice of explosive. 

Flexibility in load design and ease of loading and 
handling were also considered important. 

Probable cost of explosive per ton of rock broken 
was the final criterion. Naturally, the cheapest mate- 
rial consistent with the above considerations was 
the most desirable. 

Since manufacture of explosives and blasting 
agents is an intensely competitive industry, several 
manufacturers were able to recommend explosives 
that had an excellent chance of reducing MacIntyre 
blasting costs. 

A line of canned explosives of the ammonium 
nitrate family was chosen as most likely to con- 
tribute maximum savings while fulfilling other re- 
quirements, Table ITI, 

Testing Procedure: Under direct supervision of a 
technical expert provided by the explosive manu- 
facturer, the first experimental shot using canned 


LOCATION MORTH SOE. 
3600 
’ 


4+ —+-+-4 SHOT NO 3-197 


Fig. 2—Uniform toe burden obtainable behind millisecond 
delay shots. Apparently well broken. Half dozen oversize 
chunks. 0.237 Ib per ton. Estimated tonnage 14,600. Truck 
tonnage, 15,200. 1700 tons per hole. 


explosive A, pelletized explosive B, and canned 
primer charges was designed, with the same hole 
spacings and burdens standardized for recent dyna- 
mite shots, Table III and Fig. 3. 

The experimental part of the pit was to be the 
advancing face of the new Sub-4 level, chosen be- 
cause the ground was closely fractured and normally 
broke up well. The first shots were to be in waste 
rock, so that if poor results were obtained flow of 
ore to the crusher would not be hindered. 

The first shot was fired Feb. 15, 1955, and ap- 
peared well broken both when freshly shot and 
when loaded out. The powder factor was held at 
a safely high figure, and the bottom load was in- 
creased by using 50 lb per hole of the free-running 
pelletized explosive B. 

Other test shots in the above location were entirely 
satisfactory. Hole spacings and burdens were ad- 
justed to a more nearly square pattern (burdens 
being reduced, spacings increased) reducing both 
drilling and explosive requirements per ton. 

The new explosives were now tried in the more 
easily broken ground in other parts of the pit with 
equal success. By April 1, 1955, ten shots had been 
blasted, and a tabulation was made comparing re- 
sults with those obtained by blasting during ap- 
proximately the same period, and in similar ground, 
with 90 pct straight gelatin dynamite. A saving of 
28.4 pct in blasting cost was shown, Table IV, with 
no apparent bad effect on any part of the operation. 

Tougher Breaking: Sufficient experience had now 
been gained to consider extending use of the cheaper 


Product Density Sensitivity 


90 pet straight 


32 Ib per ft 
gelatin dynamite 


Cap-sensitive 
in 9-in. hole 


75 pet special gela- 92 Ib per ft Cap-sensitive 


tin dynamite in 9-in. hole 
Explosive A 41.7 Ib per ft Not cap-sensi- 
‘Amytol, Sodatol, In 8%-in. diam can tive 


Soda-Amytol; cast) 


Pelletized explosive B 31 Ib per ft 


(TNT) in 9-im. hole tive 
Explosive C 37 Ib per ft Not cap-sensi- 
(Sensitized ammonium in BY% In. can tive 
nitrate; packed) 
Primer charge 21 Ib per ft Not cap-sensi- 
(Desensitized Amytol in 7-in. diam cans tive 
and grained Amytol: 
packed) 
Explosive D 27 Ib per ft Not cap-sensi 
(Sensitized ammonium in 8% tn. diam tive 


nitrate; packed) earton 


Prices quoted, for T-in 


Table Explosives Used In Experiments* 


Not cap-sensi- 


* The term explosive is used in the general sense and includes blasting agents 
diam cans and cartons or larger, are those in effect during the period covered by this discussion 


Water Resistance 
By Iteelf 


Price Per 


Cartridge In Container 100 Lb, & 


50 Ib, 8-in Excellent Excellent 31.25 
diam in waxed 
r 
above Excellent Excellent 24.65 
Metal cans Poor Excellent 17.70 
2 ft long, 
various diam 
Free-running, Excellent 20.00 
used in bulk 
Metal cans Poor Excellent 16.64 
2 ft long. 
various diam 
As above Poor Excellent 16.64 
Cardboard Poor 24 hr in 10.50 
carton with 10 ft of 
metal ends water 
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Table IV. Experimental Shots Compared to 90 Pct S. G. Shots in Similar Rock Jan. 1 to April 1, 1955 


Oversize 

Chanks 

Per 1000 
Tons Broken 


Shots Leng Tons 
Fired Broken 


18 343,400 3.82 
10 174,000 4.18 


* Cost saving 28.4 pct due to cheaper material 


Explosive, Lb 


C Pius 
Primer 
Charges 


Table V. Early Results Experimental Blasting in Footwall Rock 


Leng Tons 
Broken 


14,100 
15,800 


* Cost saving 17 pet due to cheaper material 


Explosive, Lb 


C Piles 
Primer Per Leng 
Charges Ten 


0.348 
0.505° 


explosives to the tougher parts of the pit, that is, 
in the footwall zone. Here the ore is very dense, 
being composed almost entirely of ilmenite and 
magnetite. The waste is anorthosite. Both ore and 
waste are coarsely fractured, and when blasted they 
tend to roll out in blocks weighing many tons. 
Records indicated about four times as much over- 
size rock per thousand tons blasted from the foot- 
wall zones as from the hanging wall zones. 

The first shot in footwall ore was fired May 27, 
1955. Results were good, comparing well with the 
best dynamite shots in the same part of the pit. This 
shot and two subsequent shots were heavily loaded 
to insure breakage. Despite the extra heavy loading, 
a cost margin of 17 pct was maintained over two 
immediately prior shots using dynamite in adjacent 
and similar rock, Table V. 

Extended Use of Cheaper Explosives: The success- 
ful use of cheaper explosives in the tougher break- 
ing zones was extended. It was now indicated that 
the cost savings being made in drilling and blasting 
were not reappearing in other pit costs, Table VI. 

The addition of explosive D in May 1955 to the 
list of available blasting agents permitted further 
reductions in blasting costs, Table VII. Although 
MacIntyre was still using a few thousand pounds 
of 90 pet S.G. dynamite monthly, in order to use up 
material stocked by local suppliers especially for 
the MacIntyre operation, the cost per long ton for 
blasting from May 1 to Aug. 1, 1955, was reduced 


f 


[33 
® 


+ -+ 


~ 


Fig. 3—Shot sheet for first shot with experimental explosive. 
Apparently well broken. No oversize chunks. Estimated ton- 
nage, 17,200. Truck tonnage, 18,300. 0.287 Ib per ton. 
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by 47 pet as compared with 1954. It is anticipated 
that there will be further reduction when local 
stocks of dynamite are exhausted 

Combined Saving, Drilling and Blasting: Indicated 
reduction in well drilling cost since the start of the 
present program is 28.9 pct compared to costs for 
the first nine months of 1954. Reduction in well 
drill blasting cost over the same period is 50.0 pct 


Table Vi. Mining Cost Per Long Ton Produced* 


Comparative 
Period Cost 


1954 (first nine months) 100 
October 1954 to January 1955 (four months) 100 
1955 ‘first eight months) 85 


* Base: first nine months of 1054 100 


Combined saving on the above basis at the present 
rate of production is $188,000 per year. Compared 
to 1953 costs, the saving is $200,000 per year 


Conclusion 

With the foregoing experimental program, ground 
once proved too tough to break by an explosive 
other than 90 pct straight gelatin dynamite is now 
being satisfactorily blasted by other explosives for 
half the cost. Drilling costs were reduced nearly 
one third during the course of the same program, 
without any improvement in drilling equipment, or 
even in drilling speed 

It is the author’s opinion that in any open pit 
operation where the equivalent of the foregoing ex- 
perimental program has not been carried out, such a 
program will produce more rock per dollar 

Blasting Technique Development: In the first of 
the experimental shots with canned explosive A, 
canned primer charges, and pelletized explosive B, 
it was thought desirable to initiate all shots at the 
bottoms of the holes, i.e., point of maximum con- 
finement. To get this result the primacord line to 
the top primer was delayed 9 milliseconds behind 
the line to the bottom primer. Later shots were fired 
by simultaneous firing of both lines of primacord, 
with no apparent disadvantage 
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00 Pet 75 Pet Per Leng 
8.6. 8.G. A B Tetal Ten 
74,100 2,150 76,250 0.222 
37,008 9,019 2.650 48,767 0.280° 
Oversize 
Shots Per 1000 00 Pet 75 Pet 
Fired Tons Sp.G. A 
2 “43 3,000 1,900 4,900 
3 | | 43.9 4,738 2,032 1,232 8,002 | 
— 
EAST 
Lf, 
= 
4 + I 


In the first half dozen experimental shots, 8-in. 
diam cans of explosive A were used as a bottom 
charge, augmented by the use of pelletized explo- 
sive B. When 8%-in. cans of explosive A were ob- 
tained the pelletized explosive, $2 more per 100 lb, 
was eliminated except where there was a heavier 
than normal burden, ? 


Table Vil. Comparative Costs of Well Drilling and Blasting, 
Showing Reductions to Aug. 31, 1955" 


Comparative 
Comparative Well Drill 
Well Drilling, Biasting, 

Cost Per Cost Per 
Long Ton Long Ton 
Produced Produced 


Production 
Ore and Waste, 


Perted Long Tons 


1964 3,173,085 
1955 (first eight months) 2,224,120 
May | to Aug. 31, 1066 1,160,047 


* Base: 1954 100 


A few shots were fired using a decked charge of 
a single canned primer, but this means of stringing 
out a charge was discontinued, and a continuous 
column of 6-in. cans of explosive C was substituted. 


Soon after the publicity attending the develop- 
ment of Akremite, explosive D was made available. 
This cheaper and bulkier material is currently be- 
ing used in 6-in. and 74%-in. diam sizes to string out 
loads. 

The former standard practice of stemming shots 
6 or 7 ft above the top of the explosive column was 
abandoned in favor of stemming to the hole collar. 
With this later practice, spouting of holes caused by 
stemming blown out of the hole is uncommon, indi- 
cating full utilization of gases released by explosion. 
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Processing and Marketing Muscovite 


Block And Film Mica 


by Robert D. Thomson 


ISTED among strategic and critical minerals for 

stockpiling, mica is an important raw material 
in electronic and electrical equipment industries. 
Each year large quantities are consumed in the 
manufacture of television and radio tubes, radar 
sets, generators, transformers, electric toasters, and 
irons, 

Crude mica, which comes from the mine in crys- 
tals or in rough books of various shapes and sizes, 
is known as run-of-mine or book mica, Structural 
imperfections, impurities, rough edges, and defec- 
tive laminae are removed by cobbing, rifting, and 
trimming to produce a marketable block mica or 
film mica,’ After the rough books have been hand- 
cobbed to remove adhering rock, dirt, and crushed 
or defective mica they are rifted, or split. In the 
U.S. a straight-bladed knife is generally used for 
rifting. Products of this operation are classed broadly 
as untrimmed sheet mica and scrap. 

Sheet mica is any relatively flat piece sufficiently 
free from physical defects to be cut or stamped into 

R. D. THOMSON, Junior Member AIME, is Commodity-industry 
Analyst, U. S. Bureau of Mines, Pittsburgh. 


TP 4227H. Manuscript, Sept. 22, 1955. New York Meeting, 
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specified shapes for industrial use. Sheet mica is 
ciassed as block, film, and splittings. Block mica is 
not less than 0.007 in. thick with a minimum usable 
area of 1 sq in. Film mica is split from the better 
qualities of block mica to groups of specified thick- 
ness ranging from 0.0012 to 0.004 in. Splittings are 
sheets with maximum thickness of 0.0012 in. and 
minimum usable area of % sq in. As virtually no 
mica splittings are produced in the U.S., they will 
not be discussed in this report. 

Small, low quality block is subdivided as punch 
and washer. Punch mica is thumb-trimmed mate- 
rial large enough to yield a circular disk of at least 
1% in. diam for stained quality mica and 1% to 2 
in. for clear quality. Poorer lots, often referred to 
as washer mica, are also included in the general 
term punch mica. 

Trimming, the next step in processing sheet mica, 
removes broken and ragged edges, loose scales, and 
other major imperfections. Trimming may be done 
with a knife, sickle, shears, or fingers. In the U.S. 
it is usually done with a 3-in. linoleum knife to 
obtain a bevel-edged cut. If ragged edges are broken 
off with the thumb and fingers, the mica is called 
thumb-trimmed. Full-trimmed is_ rifted mica 
trimmed on all sides with all cracks, reeves, and 
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100 100 
715 65 
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cross-grains removed. Half-trimmed is trimmed on 
two adjacent sides, with at least two thirds of the 
mica trimmed and no cracks extending into the 
usable area. 

Large quantities of high quality, large sheet mica 
are ruined by improper rifting and by overtrim- 
ming. Experienced rifters and trimmers salvage 
punch and even block from material less experienced 
workers would discard. Regardless of methods used 
or precautions taken, however, there are sizable 
quantities of bench scrap. 

Trimming produces block or film mica irregular 
in size and shape, which must be classified according 
to grade (size) and quality before marketing. No 
other mineral is so difficult to process, and none ap- 
proaches the multiplicity of qualities and grades 
into which mica is grouped. 

Grades are based on the maximum usable rec- 
tangle that can be cut or stamped from a piece. Ac- 
cording to specifications of the American Society for 
Testing Materials, block and film mica are divided 
into 12 grades, ranging from No. 6, with a minimum 
area of 1 sq in., to the OOEE Special, with a mini- 
mum area of 100 sq in." 

Visual classification is based on the relative quan- 
tity of visible inclusions, such as air bubbles; stains 
caused by clay, iron and manganese compounds, or 
organic matter; waviness; and other structural im- 
perfections. Clear mica, which is hard, uniform in 
color, nearly flat, free from all stains, inclusions, 
and other structural defects, is the highest quality. 
Block mica is divided into 11 quality groups, rang- 
ing from the poorest, densely stained, to the best, 
clear. Qualities of film mica are first (equivalent of 
the three highest qualities of block mica), second 
(equivalent of fourth quality block), and third 


(equivalent of fifth quality block). Any muscovite 
mica classified within the limits of the five highest 
qualities of block mica or the three film qualities is 
considered strategic. 


Table |. Comparison Between Domestic Classification of Mica and 
ASTM Standards 


ASTM 


Clear, and clear and slightly stained 
(lst and 2nd highest qualities) 

Fair stained (3rd) 

Good stained (4th) 

Stained (5th and 6th) 

Heavy stained (7th) 

Black spotted (9th) 

Black stained (10th) 


2 inferior 


3 (elecgric or stained) 


Although the commercial quality system is based 
on ASTM specifications, standards vary from one 
company to another. Much foreign block and film 
mica is sold to industry according to quality groups, 
which deviate somewhat from the nomenclature of 
ASTM, permitting more defects than are allowed by 
ASTM specifications. 

Because the smal] domestic miner usually lacks 
the experience to appraise mica for quality in accord- 
ance with ASTM standards, it has been customary 
in the U.S. during normal times for the small miner 
to sell thumb-trimmed or half-trimmed block and 
to qualify an entire lot of mica in a rough manner. 
Domestic block mica is divided into two primary 
groups: clear and stained. Clear mica is subdivided 
as No. 1, No. 2, and No. 2 Inferior. Black-stained 
and black-spotted mica are known as No. 3, electric, 
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or stained. An approximate comparison between 
domestic quality classification and ASTM standards 
is given in Table I. 

A system of qualifying block and film mica for 
fixed mica-dielectric capacitors, based on a combina- 
tion of the electrical and physical properties, is cov- 
ered by ASTM D-748-52T.” Specifications provide 
for use of a Q-meter to determine the power factor 
and a spark-coil test to detect conducting stains. In 
the past, block and film mica have been classified 
by these methods only on special occasions, 

Sheet mica also is classified according to color 
Mica occurs in many colors, ranging from green 
through shades of green and brown to pinkish buff 
and drab. The Federal Geological Survey has ar- 
ranged muscovite mica into seven main color cate- 
gories and three commercial groups, as shown in 
Table II.* 


Table Ii. Federal Geological Survey Color Categories for Mice 


Principal Classifications Commercial Groups 


Pinkish buff and drab 
Cinnamon brown 
Brown 

Brownish olive 
Yellowish olive 
Yellowish green 
Green 


The National Bureau of Standards has established 
two color groups: 1) ruby and 2) nonruby, which 
includes green or brownish mica, disregarding varia- 
tions such as air or mineral inclusions and stained 
areas. Mica for the National Stockpile is purchased 
on the Bureau of Standards color classification 

Ruby mica is preferred because its Q factor is 
fairly constant and it splits easily. Nonruby mica 
tends to be brittle, and its Q factor varies consid- 
erably and often is undesirably high. Normally, 
nonruby is accepted for strategic uses only if it 
passes both visual and electrical tests. For ordinary 
electrical uses, color has little significance 

Marketing: In 1954 consumption of block and 
film mica cut or stamped to dimension by domestic 
fabricators totaled 3,219,157 lb, of which 97 pct was 
block mica.” Block mica, an insulator in electrical 
equipment, is also used in manufacture of trans- 
mitting and receiving tubes, high-temperature 
steam-gage glass, diaphragms, and compasses. In 
the electronic field most of the block mica is con- 
sumed as bridges and spacers in radio and television 
tubes. This mica is largely stained quality (fifth 
and sixth qualities) and in 1954 represented 78 pct 
of the block mica fabricated for tubes, or 44 pct of 
that fabricated for all uses. Lower qualities of block 
mica, including punch mica, are used mainly as 
electrical insulators in household appliances 

Film mica is used in capacitors that hold or store 
an electrical charge. Capacitors require high quality 
film mica; of the 97,255 lb used in 1954, 17 pct was 
first quality and 75 pct second quality 

In peacetime civilian consumption requires large 
quantities of the lower quality block and film mica, 
and demand for the higher qualities is not excessive 
However, in times of emergency demand for high 
quality mica suitable for essential military applica- 
tions increases tremendously. From all indications, 
block and film mica, especially of the higher quali- 
ties, will be in high demand for many years to come 
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Ruby 
Kum 
| 
Green 
J 
Domestic 
No. 1 
No.2 
No, 
No 


Buyers of sheet mica can be classed as commercial 
and Government. Commercial buyers are either 
mica fabricators or importers. The highly specialized 
fabricating industry consists of 1) firms that fabri- 
cate mica to supply the electronic and electrical in- 
dustries and 2) firms that manufacture electronic 
or electrical equipment and fabricate for their own 
consumption. Although fabricators usually purchase 
both domestic and foreign mica, in the past few 
years only those in North Carolina and Virginia 
have purchased domestic mica. Major fabricating 
plants are located principally in electrical manu- 
facturing centers outside the mica-producing regions. 
Eight fabricating companies are in New York, six in 
New Jersey, four each in Massachusetts and North 
Carolina, two in Illinois, and one each in Ohio, 
Pennsylvania, Rhode Island, and Virginia. Most of 
the mica importers are in New York City. 

In 1952 the U. S. Government authorized, through 
General Services Administration (GSA), a purchas- 
ing program for domestic muscovite sheet mica to 
terminate June 30, 1955, later extended to June 30, 
1957. Program A was established for the purchase 
of muscovite ruby and nonruby block and film mica 
and program B for ruby and nonruby hand-cobbed 
mica, Block and film mica are purchased in three 
quality groups: good stained or better, stained, and 
heavy stained, and in three grade groups, Nos, 5% 
and 6, Nos. 4 and 5, and No. 3 or larger. All good 
stained or better block and film must be full- 
trimmed, but stained and heavy stained are accepted 
as full-trimmed or half-trimmed. Hand-cobbed mica 
purchased under program B must yield at least 40.5 
Ib of full-trimmed block or film mica, stained or 
better qualities, per short ton. 


Table 
Ruby and Nonruby Block and Film Mica 


Qualities 


Full-trimmed Half-trimmed 


Geed 
Stained Heavy Heavy 
or Bet- Stained, Stained, Stained, Stained, 
Raby 
No. 3 and larger 70.00 18.00 13.00 12.00 8.00 
No. 4 and No. 5 40.00 8.00 6.00 5.00 4.00 
No. 5% and No6é 15.00 5.00 3.00 4.00 2.00 
Nonruby 
No. 3 and larger 70.00 14.40 10.40 9.60 6.40 
No. 4and No. 5 40.00 6.40 4.80 4.00 3.20 
No. 6% and No. 6 15.00 4.00 2.40 2.40 1.60 


Purchasing depots are located at Spruce Pine, 
N. C., Franklin, N. H., and Custer, S. D. Ruby and 
nonruby mica should be delivered f.o.b. to the nearest 
depot, each lot containing one or the other; mixed 
lots are not accepted. Any person wishing to par- 
ticipate in either program should notify the GSA 
regional director having jurisdiction over the near- 
est depot or the superintendent of the depot. The 
superintendent of the respective depot will notify 
the participant of a delivery date. Each mica de- 
livery is inspected at the depot. Any mica not con- 
forming to minimum requirements is rejected and 
all costs except inspection cost are borne by the 
participant. A price schedule for domestic mica 
purchased by the Government is given in Table III. 

The Government also purchases muscovite block 
and film mica produced in foreign countries. Ruby 
and nonruby block are purchased in the full-trimmed 
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Domestic Mica Purchasing Program (GSA) Prices per Lb, 


condition, good stained or better quality, grade 6 
or larger. Ruby block also is accepted in the stained 
quality under certain conditions with a proportion- 
ate quantity of ruby good stained or better qualities. 
Half-trimmed block is purchased only for ruby of 
qualities lower than good stained. Ruby and non- 
ruby film are acceptable as full-trimmed, first and 
second qualities. Foreign mica usually is bought by 
the Government for delivery to a GSA warehouse 
through Federal Supply Service, 34 Exchange Place, 
Jersey City, N. J. 

Prices: Prices offered by fabricators for domestic 
sheet mica range from a few cents to more than 
$10.00 per lb. Quoted prices are nominal, and actual 
selling prices are determined by direct negotiation 
between buyer and seller after agreement as to 
quality and grade of particular lots. Prices in the 
North Carolina district in 1955 are shown in Table 
IV. Range in price for each grade is caused by dif- 
ferences in quality, preparation, and exactness of 
grading. 


Table IV. Prices for Various Grades and Qualities of Sheet Mica 
in the North Carolina District, April 1955* 


Price per Lb, § 


Grade (Size) Clear Quality Stained Quality 


Washer mica 0.06 to 0.10 0.06 to 0.10 
Punch mica 0.10 to 0.16 0.10 to 0.16 
1 in 0.70to 1.60 

2x2 in 1.10to 1.60 0.70 to 1.10 
2x3 in. 160 to 2.00 1.20 to 1.60 
3x3 in 180to 2.30 1.40 to 1.80 
3x4 in, 2.00 to 2.60 1.60 to 2.10 
3x5 in 260 to 3.00 1.80 to 2.70 
4x6 in. 2.75 to 4.00 2.00 to 3.00 
6 xB in. 4.00 to 8.00 2.25 to 3.50 
8x10 in 6.00 to 13.00 3.00 to 4.00 


* Personal communication with a commercial mica buyer 


Prices paid by the Government for domestic mica 
under program A are three to five times the market 
price. Payment for each lot of ruby and nonruby 
block and film mica containing 18 pct or more good 
stained or better quality is made on the price sched- 
ule shown in Table III. Payment for any lot con- 
taining less than 18 pct good stained or better quality 
is made according to the price schedule, with ad- 
justments to account for proportions of lower quality 
mica. 

Government prices for domestic ruby or nonruby 
hand-cobbed mica under program B are $600 per 
short ton and $540 per short ton, respectively, based 
on a yield of 16.2 lb of good stained or better quali- 
ties and 24.3 lb of stained quality block or film mica 
per short ton. If actual yield exceeds the preliminary 
estimate, the participant will be paid the difference, 
and if the yield is less than preliminary estimates, 
the amount of overpayment must be repaid to the 
Government. 
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Differential Infrared Spectra of Adsorbed 
Monolayers-n-Hexanethiol on Zn Minerals 


The recently developed pellet technique to investigate infrared spectra of solids is 
a unique method of studying solid surfaces. By this procedure suspensions of solids dis- 
tributed uniformly and reproducibly in a KI or KBr matrix may be prepared, resulting 
in differential infrared spectra in which the absorption bands associated with the sur- 
face only may be obtained. Adsorption of hexanethiol on ZnS or ZnO from either the 
gaseous or the aqueous phase result in splitting out of water from the mineral surface. 


0 


In the case of willemite, .°\.. 
concentration of surface hydroxyl groups. 


bonds appear to be broken, causing an increase in 


by Edward M. Eyring and Milton E. Wadsworth 


ETTER understanding of solid surfaces and their 

associated adsorption products is of both aca- 
demic and practical value. The study of detergents 
and their behavior in cleaning surfaces is fundamen- 
tally related to the nature of the products adsorbed 
and their ability to compete for certain surfaces. 
Similarly in flotation, the nature of the adsorbate 
before and after adsorption is basic to clear under- 
standing of the process. 

The recently developed pellet technique” * em- 
ploying infrared spectroscopy provides a powerful 
tool for the study of solid surfaces. Absorption 
bands, which are infrared-active, may be observed 
for adsorbed products. Also any changes in the sur- 
face substrate that occur as a result of adsorption 
may be detected by means of differential spectra. 

In applying the pellet technique to solids of large 
surface area, French and his coworkers’® have sur- 
veyed the adsorption of organic flocculants on clay 
minerals, oleic acid on fluorite, and ammonia on 
cracking catalysts. Recent work on application of 
differential infrared spectroscopy to the study of 
solid surfaces* has demonstrated that the difference 
between a sample and a reference can be obtained 
with double-beam instrumentation. In this way dis- 
placement of surface products, adsorption of new 
products, and differences in the substrate, if any, 
may be detected. 

Experimental Procedure: Potassium iodide pellets 
were used in this study, prepared from recrystallized 
analytical reagent grade KI. Grinding was carried 
out in a Fisher mechanical agate mortar. Two-gram 
plates containing the solid under study were pressed 
in a special evacuated die constructed in the labora- 
tory at the University of Utah." 

Concentration depended on the solid in question. 
Zine sulfide and willemite are sufficiently transpar- 
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ent in the infrared region for concentrations as high 
as 20 mg of mineral in 2g of KI to be used. Zinc 
oxide is even more transparent, permitting concen- 
trations as high as 60 mg in a 2-g plate. For non- 
differential operation, however, much lower concen- 
trations (2 to 10mg/2g KI) had to be used 

Spectra were obtained on a Perkin-Elmer 21 
double-beam recording infrared spectrophotometer 
A sodium chloride prism was used giving a spectral 
range of approximately 2 to 15 » wave length. For 
differential runs a resolution of 1000 was used and 
the scanning speed was controlled commensurate 
with instrument response. The response was checked 
continuously and each spectrum was repeated sev- 
eral times. For nondifferential runs a resolution of 
927 was used. 

Zinc oxide used was analytical grade oxide fume 
The zinc sulfide was precipitated from solution with 
analytical grade zinc sulfate and sodium sulfide. The 
precipitate was washed and centrifuged several 
times and dried. Before use the precipitate was 
washed in dilute HC] and then treated with satu- 
rated NH,Cl to remove any bulk oxides and sulfates. 
X-ray patterns of the precipitate were comparable 
to that of the natural mineral sphalerite. The pre- 
cipitate was much more satisfactory than finely 
ground natural ZnS because of its very large surface 
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Fig. 2—Infrared spectrum of liquid n-hexanethiol. 


area, The willemite (Zn,SiO,) used was the natural 
mineral from Franklin, N. J., carefully selected by 
hand under an ultraviolet lamp. Grinding was car- 
ried out for approximately 24 hr in a mechanical 
agate mortar, producing sufficient surface area to 
provide adequate differential spectra. Hexanethiol 
of analytical grade was supplied by the Eastman 
Kodak Co 

The advantage of double-beam instrumentation is 
that only the differences between the sample and the 
reference are recorded. Atmospheric CO, and H,O 
are also cancelled out. In this procedure the sample 
beam passed through a pellet containing suspended 
mineral with hexanethiol adsorbed on the surface. 
The reference beam pellet contained the same min- 
eral in the same concentration as the sample pellet, 
but no hexanethiol was adsorbed on the surface. In 
this way the spectrum of the mineral was cancelled 
out, leaving only the infrared spectrum of the sur- 
face. Fig. 1 is a diagrammatic sketch of the differen- 
tial system. 

Adsorption from the gas phase was carried out at 
room temperature in an evacuated dessicator by ex- 
posure for about 12 hr. The liquid hexanethiol was 
placed in a watch glass within the dessicator. Also 
present were the 2-g sample of mineral mixed with 
KI and a 2-g sample of pure KI. After exposure the 
dessicator was evacuated for several hours to re- 
move physically adsorbed hexanethiol. This could be 
determined by examination of the KI by itself after 
pelletizing. This same procedure was followed for 
identical samples of KI plus mineral, and pure KI 
alone in the absence of hexanethiol. Each of the four 
samples, including the two plain KI samples, was 
pelletized under identical conditions. The sample 
beam pellets consisted of the KI plus mineral ex- 
posed to hexanethiol and the 2-g pellet of pure KI 
from the dessicator unexposed to hexanethiol. Refer- 
ence beam pellets consisted of the mineral plus KI 
unexposed and the pure KI exposed to hexanethiol. 
In this way any mercaptan adsorbed on the KI by it- 
self was cancelled out. The amount adsorbed on the 
KI was always very small but usually slightly 
detectable, Almost perfect compensation may be ob- 
tained by this procedure, since the sample and ref- 
ence pellets were prepared from a common mixture 
of the mineral plus KI. 

Adsorption from solution was carried out in stop- 
pered erlenmeyer flasks (at neutral pH) containing 
the ground mineral plus an aqueous solution con- 
taining 80 mg per liter of hexanethiol. Contact times 
of less than 1 hr provided very adequate spectra. 
The mineral was washed with distilled water and 
filtered six times, after which it was dried under 
vacuum. Good differential compensation was some- 
what more difficult to achieve, since the mineral had 
to be weighed separately for each pellet and could 
not be split from a common mixture. The mineral 
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Fig. 3—Infrared spectrum of n-hexanethiol adsorbed on ZnO 
from aqueous solution. 


unexposed to hexanethiol was carried through the 
exact procedure of washing, filtering, and drying. 

Discussion: This study was initiated as a result of 
the very informative work previously carried out on 
the same systems by Gaudin and Harris," who used 
hexanethiol containing S”. In this way the amount 
of hexanethiol adsorbed on zincite (ZnO), sphalerite 
(ZnS), and willemite (Zn,SiO,) could be directly 
determined by radioactive tracer techniques. Addi- 
tional properties make these systems attractive to 
infrared studies: 1) the minerals are very transpar- 
ent in the 2 to 154 (NaCl) region of the spectrum, 
2) they may be obtained or prepared with large sur- 
face areas, and 3) the hexanethiol has informative 
adsorption bands in the NaCl region. Fig. 2 is the 
infrared spectrum of the liquid hexanethiol. The 
deep double peak at 3.4 to 3.54 is caused by C—H 
stretching frequencies associated with the methyl] 
(CH,) and the methylene (CH,) groups. Of particu- 
lar interest is the band at 3.95 uw. This band has been 
shown by several investigators’ to be due to the 

S—H stretching frequency of the mercaptan group. 
Although this band is very weak it may be readily 
detected for a spectra whose C—H stretching band is 
greater than 30 pct of total absorption. For the band 
to be detected on surfaces, therefore, the surface 
area must contain sufficient hexanethiol to exceed 
this 30 pct limit, a condition readily achieved with 
these mineral systems. In all cases used to establish 
the presence or absence of the S—H (3.95,) stretch- 
ing band, the C—H stretching band exceeded 60 pct 
of total absorption. The spectrum of liquid hexane- 
thiol was obtained using a 0.012 mm liquid cell. The 
majority of other bands associated with the hexane- 
thiol will not be discussed here since they were not 
directly affected by adsorption. The only exception 
that might be cited is the band at 13.74% which is 
caused by the (CH,), skeletal frequency. In the ad- 
sorbed state this band appears a little stronger and 
sharper. Such a difference might be expected be- 
tween the same bands of a liquid and a solid, but in 
this instance the sharpening may be due to the close 
oriented packing of the mercaptan in the adsorbed 
state. 

Results and Conclusions 

Results of adsorption from the liquid and vapor 
phases respectively on ZnO are shown in Figs. 3 
and 4. The dotted spectrum of Fig. 3 represents the 
spectrum of ZnO by itself. This is cancelled out by 
the differential method. Similar spectra were ob- 
tained for ZnS. Fig. 5 is the spectrum for hexanethiol 
adsorbed from liquid on ZnS. As is evident from the 
solid curve (differential spectrum), results were 
identical to those obtained for ZnO. Vapor phase ad- 
sorption on ZnS was also identical to that obtained 
for ZnO. These spectra were reproduced independ- 
ently several times. The important features of these 
spectra are associated with the —OH stretching 
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Fig. 4—Infrared spectrum of n-hexanethiol adsorbed on ZnO 
from vapor phase. 


(2.94) and bending (6.24) bands associated with 
surface hydroxy! groups on the mineral surfaces, the 
C~—H stretching bands (3.40 to 3.54), and the -—S—H 
stretching band at 3.95y. Clearly in all these spectra 
the surface —S—H stretching (3.95) bands are miss- 
ing. As indicated by the depth of the C—H stretching 
bands, concentration is sufficient to show the S—H 
band if it is present. Also common to all these spec- 
tra are the inverse peaks at 2.94 (OH stretching) 
and 6.54 (OH bending). The presence of bands going 
in the reverse direction (inverse) represents the 
bands of the reference pellet in excess of similar 
bands in the sample. These inverse bands clearly 
show that the surface has fewer surface —OH groups 
(therefore more in the reference beam) after ad- 
sorption of hexanethiol than before. Identical results 
were obtained for adsorption from either vapor or 
liquid phases. 

Presence of surface —OH groups is readily de- 
tected by infrared spectroscopy. This is evident from 
either the spectra of the minerals by themselves or 
from the overcompensation of OH bands in the dif- 
ferential spectra. Their presence is probably associ- 
ated with the satisfying of unsaturated valence 
forces when a surface is freshly fractured. This may 
be represented for zine oxide by Eq. 1: 


Zn Zn -OH 
0+HOH [1] 
Zn Zn~ OH 


These —OH groups are undoubtedly present on the 
surfaces of most inorganic solids exposed to water 
either in the liquid or vapor phases. The surfaces 
encountered in either detergency or flotation prob- 
lems appear to have in common, therefore, the pres- 
ence of surface OH groups. 

Vapor Phase Adsorption of Hexanethiol on ZnS 
and ZnO: Spectra obtained for ZnO and ZnS for 
vapor phase adsorption may be explained by the 
reaction between the undissociated hexanethiol in 
the gas phase and the surface according to Eq. 2: 

ZnOH + HSR > -ZnSR+H,0 (2) 
During adsorption, water is formed, resulting in 
formation of the zinc salts as indicated in Eq. 2. This 
may be likened to the esterification that occurs dur- 
ing the reaction of organic alcohols and acids. The 
driving force appears to be predominantly the forma- 
tion of water. Eq. 2 explains the spectra obtained. 
Formation of water results in removal of —OH 
groups from the surface of the mineral and at the 
same time the S—H group is broken, resulting in the 
surface zinc mercaptan bond. Removal of surface 

OH causes over-compensation (inverse bands) at 

2.9% (—OH stretching) and 6.24 (—OH bending) 
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Fig. 5—Infrared spectrum of n-hexanethiol adsorbed on ZnS 
from aqueous solution 


wave lengths. The —SH stretching bands disappear 
in the adsorbed state, also clearly evident in the 
spectra. Competition for surface sites therefore ap- 
pears to exist between the hexanethiol and water. 

Aqueous Phase Adsorption of ZnO and ZnS: A\l- 
though identical spectra are obtained for both vapor 
phase and aqueous phase adsorption, alternate mech- 
anisms may be proposed to explain the observed 
spectra. According to Wark" and Gaudin’ the adsorp- 
tion of collectors involves competition between the 
collector anion (in the case of anionic collectors) 
and the hydroxy] ion. This process is represented in 
Eq. 3 for ZnO and ZnS 


Zn- OH*+RS SR*OH [3) 


where RS represents concentration of the dissoci- 
ated anion of hexanethiol. Such a reaction results in 
the removal of —OH groups from the surface. Also 
no —SH stretching band should appear. Both condi- 
tions are satisfied in the spectra obtained 

An alternate mechanism, also in agreement with 
the observed spectra, involves adsorption of undis- 
sociated hexanethiol from solution or ion pair ad- 
sorption as shown in Eq. 4. Large concentrations of 
the undissociate RSH are present in solution, since 
its dissociation constant is 1.9 x 10"." Such a mech- 
anism for the adsorption of collectors and depres- 
sants has been proposed by Cook et al." There is, 
however, no direct criterion for choosing either of 
the above proposed mechanisms, since all three are 
consistent with the observed spectra. 


Zn- OH +H" RS SR*+H,O 


Adsorption of Hexanethiol on Willemite (Zn,Si0,) 
from Aqueous Solution: Adsorption of hexanethiol 
on willemite from solution provides some very in- 
teresting results. Fig. 6 is the differential spectrum 
of the surface of willemite containing the adsorbate 
The striking difference between this spectrum and 
those obtained for ZnO and ZnS is the fact that the 

OH bands at 2.9 and 6.24 are not inverted. The 
spectrum, which was reproduced many times, in- 
variably indicates an increase in concentration of 
surface —OH groups. The —SH band at 3.95, is miss- 
ing, similar to the results obtained for ZnS and ZnO. 
Also very definite over-compensation bands appear 
at 9.4 and 12.24. The dotted spectrum of Fig. 6 is 
that of willemite alone. The wide band between 8.5 
and 12.54 is caused by a series of Si-O vibrational 
bands. The inverted bands at 9.4 and 12.2, indicate 
that the surface of the solid itself is disturbed by the 
adsorbate, thus affecting some of the Si—O vibra- 
tional bands. The character of this spectrum sug- 
gests that the adsorbate breaks surface bonds upon 
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Fig. 6—Infrared spectrum of n-hexanethiol adsorbed on 
willemite from aqueous solution. 


adsorption and in so doing creates surface OH groups 
with an associated variation in the SiO vibrational 
bands. In the University of Utah laboratory such 
structural shifts as would occur by disturbing the 
Si—O vibrational frequencies have been detected for 
the adsorption of ammonia on several cracking cata- 
lysts and silica gel.* 

Willemite is an orthosilicate in which both zinc 
and silicon are four-coordinated with the oxygen 
atoms in the lattice. Zine and silicon tetrahedra 
share one corner only in the ortho-silicate structure. 
The observed spectrum may be explained in terms 
of an adsorption process, Eq. 5, that breaks the bonds 
linking these two tetrahedra together: 


zn Zn-SR 
Si - OW 


The shift from the “ ° linkage to the Si—OH 
bonds explains the inverse peaks observed at 9.4 and 
12.2 w. Breaking of the oxygen bridge results in for- 
mation of the Si-—OH band, causing the observed in- 
crease in surface hydroxyl groups, The adsorption 
process also destroys the S—H band through forma- 
tion of the Si-—OH groups, explaining the absence of 
the S--H stretching band (3.95.4) for adsorbed hex- 
anethiol. 

These results can be explained only by neutral 
molecule or perhaps ion-pair adsorption. Clearly a 
competitive reaction between the collector anion and 
hydroxy! ions such as is indicated in Eq. 3 cannot 
explain the spectrum obtained for solution phase 
adsorption of hexanethiol on willemite. 

Adsorption of Deuterated Hexanethiol on Wille- 
mite from the Vapor Phase: A portion of hexanethiol 
was placed in contact with D,O in a separatory flask 
for 48 hr. Virtually complete exchange between the 
hydrogen of the mercaptan and deuterium was 
achieved within this time. Fig. 7 is the spectrum of 
the deuterated mercaptan. The dotted spectrum was 


Oeutereted 


Seme — higher concentration 


WAVE LENGTH (microns) 
Fig. 7—Infrared spectrum of deuterated liquid n-hexanethiol. 


Solid curve 0.012 mm cell poth length, dotted curve 0.05 
mm poth length. 
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Fig. 8—Infrared spectrum of deuterated n-hexanethiol ad- 
sorbed on willemite from vapor phase. 


that obtained using a cell path length of 0.05 mm 
compared to the spectrum with a 0.012 mm path 
length (solid line). As expected, the S—H stretch- 
ing band is shifted approximately by \/2 to 5.3,. 
The S—H band at 3.95, is missing, indicating almost 
complete exchange. The deuterated mercaptan 
should, according to Eq. 5, produce surface —OD 
bands. This band should grow up at approximately 
4u, since it also should be shifted by \/2. The spec- 
trum obtained for vapor phase adsorption of the 
deuterated hexanethiol on willemite is shown in Fig. 
8. A definite peak, obtained at approximately 3.9 to 
4.1y, is broad and characteristic of that obtained for 
surface water bands. Again the structural Si—O 
shifts may be detected at 9.4 and 12.24. These re- 
sults are identical to those expected according to Eq. 
5, further substantiated by the formation of surface 
—OD bands. 
Summary 

Vapor phase and aqueous phase adsorption of n— 
hexanethiol on ZnO and ZnS as indicated by infra- 
red spectroscopy involves a process resulting in a 
decrease in surface hydroxy! concentration. Invari- 
ably the mercaptan S—H bond is destroyed in the 
adsorption process. The vapor phase reaction un- 
doubtedly involves neutral molecule adsorption. The 
adsorbed mercaptan reacts with the surface —OH 
group forming the zinc mercaptan salt, splitting out 
a molecule of water in the process. Identical results 
were obtained for aqueous phase adsorption of hex- 
anethiol on ZnO and ZnS. The spectrum obtained 
and the very small dissociation constant of the mer- 
captan (1.9 x suggest neutral molecule adsorp- 
tion. Similar results, however, would be expected for 
ion-pair adsorption or hydroxyl-mercaptan anion 
competitive adsorption. It appears from the results 
of this study that adsorption of collectors on mineral 
surfaces containing hydroxy! groups takes place by 
a process similar to esterification, in which the driv- 
ing force is largely contained in formation of water. 

Adsorption of hexanethiol on willemite (Zn,SiO,) 


breaks surface oxygen bridges forming -s)- OH ord Zn-SR 
surface groups. Confirmed by use of deuterated hex- 


anethiol resulting in the formation of - OD 


groups at the surface, these results can be explained 
only by neutral molecule adsorption from the vapor 
phase. In the aqueous phase neutral molecule or ion- 
pair adsorption is consistent with the observed spec- 
tra. Hydroxyl ion competition is clearly incompati- 
ble with the infrared spectra obtained. It appears 
that surface reactions must involve processes main- 
taining strict electrical neutrality. This has long been 
recognized as a fundamental requirement for bulk 
reactions. 
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Application of infrared spectroscopy provides 
powerful additional tool for the study of solids of 
large surface area. New techniques render this tool 
readily applicable to mineral systems such as are 
encountered commercially. Advantages gained are 
associated with the fact that the adsorbate may be 
examined in situ. In so doing it is possible to detect 
characteristic vibrational bands, gaining valuable 
information regarding the type of bonding present 
following adsorption. Differential spectroscopy, made 
possible by the pellet technique, provides a sensitive 
means for observing changes in both the adsorbate 
and the adsorbent which take place upon adsorption. 
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Human Response to Industrial Blasting Vibrations 


by Jules E. Jenkins 


T° the past quarter century the seismograph has 
played an increasingly important role in eval- 
uating vibratory effects transmitted to adjacent com- 
munities by industrial blasting operations. In this 
period research has advanced through two major 
phases—from falling pin seismometers to three- 
component recording seismographs. The initial phase 
of this research is now regarded as the era of re- 
cording, during which the seismograph merely re- 
corded occasional events. It has emerged from this 
stage into the era of control and analysis and in this 
later period has been recognized as a full-fledged 
industrial tool. 

Although the falling pin machines of earlier years 
indicated probable amplitudes of industrial blasting 
vibrations, they gave no reliable measure of such 
displacements, nor did they provide essential infor- 
mation concerning direction or frequency of motion. 

The first contribution of the three-component re- 
cording seismograph was the weight-for-distance 
formula developed by the U. S. Bureau of Mines. 
This empirical formula enabled users of commercial 
explosives to determine beforehand the probable 
vibratory effects of a blast when the weight of the 
explosives charge and the distance from the shot 
point were known. This formula has withstood the 
test of time and is still applicable for blasts de- 
tonated by instantaneous methods. 

The second major contribution of the three-com- 
ponent recording seismograph followed the intro- 
duction in 1945 of short period or millisecond delay 
detonation. This might be described as a two-stage 
contribution, the first of which revealed a 50 pct 
reduction in the vibration magnitude when milli- 
second detonation was used rather than instanta- 
neous discharge. This second part of this double 
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Fig. |—Vibration dip phenomena. Vibrational effects con- 
form to expectancy up to 1250 Ib. 


contribution led to the discovery of the vibration dip 
phenomena, see Fig. 1 

In Fig. 1 the horizontal coordinates indicate the 
displacements amplitude in inches, and the vertical 
coordinates, the explosive weight in pounds. The top 
curve is that of the U. S. Bureau of Mines for in- 
stantaneous detonation. Its curvature conforms to 
the two-thirds power of the explosive weight as 
provided in the weight-for-distance formula; hence 
the vibratory effects increase in proportion to an 
increase in the explosive charge. If the other curves 
shown below are temporarily disregarded, it may be 
considered that the entire area below this top curve 
represents both useful and waste energy 

As mentioned previously, when millisecond delay 
detonation was first investigated it was found that 
in general the U. S. Bureau of Mines curve could be 
decreased by about 50 pct, or to the position of the 
middle curve. At the outset it was assumed that this 
curve would likewise increase in some proportion to 
the explosive charge, as did the top curve, that is, 
the curve would indicate a continuous upswing. As 
seismographic data accumulated this assumption was 
found to be erroneous in part. It was discovered that 
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Fig. 2—-Human response to vibration for vertical direction 
and standing position, Reading from lower left, curves repre- 
sent perceptible, objectionable, and uncomfortable reactions 
of group of 15 persons. Top arrow at right indicates rate of 
change of acceleration; middle arrow, acceleration; and bot- 
tom arrow, velocity. (Based on Reiher and Meister.) 
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Fig. 3—Response for horizontal direction and standing posi- 
tion. From lower left, curves represent perceptible, objection- 
able, and uncomfortable. (Based on Reiher and Meister.) 
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for the smaller explosive loadings, vibrational effects 
conformed to expectancy only up to a point. In Fig. 
1 this point is indicated at 1250 lb. Thereafter the 
vibrational effects assumed a downward trend that 
continued to the bottom of the dip, which is shown 
at 2500 lb. After reaching this low point, the curve 
rose again until it leveled somewhere near expect- 
ancy for the higher loadings. There is good reason 
to believe that this curve continues to the right and 
beyond the limits of the graph in a series of smaller 
dips. As of now loadings are up to 70,000 lb, but 
blasts of this size are few and far between. Conse- 
quently data is scant for loadings over 25,000 lb. 

For the purpose of illustration, the dip is shown in 
Fig. 1 as extending over a 100 pct increase in the 
explosive loadings. In actual practice, the increase 
in the explosives loading varies from 20 to 80 pct, 
depending on individual blasting procedures and 
local terrain conditions. 

When explanation is sought for this dip phe- 
nomena, the laws governing distribution of energy 
seem to apply best. Blasting vibrations transmitting 
beyond the shot point are classified as residual 
energy, which consists of two parts, irreducible 
minimum and waste. If the low point of the dis- 
placement dip is accepted as the point below which 
it is not possible to reduce, and if a final curve is 
drawn through this low point to the family of curves, 
the values falling on this curve represent the ir- 
reducible minimum—in other words, the amount of 
energy that must be driven into the earth to effect 
a new line of cleavage. It is with this waste energy 
that human response to industrial blasting vibra- 
tions begins. 

In the course of these seismographic studies, in- 
vestigators have been constantly alert to the wide 
discrepancies between reported vibration intensities 
based on human evaluations and actual intensity as 
determined by instrumental measurement. Although 
it was early recognized that these human factors 
extended into the fields of physiology and psychology, 
investigators refrained from straying into these 
fields, believing them outside their professional 
scope. Nevertheless, the point has been reached 
where someone must lead the way. 

Investigations of human reaction to vibration are 
largely confined to steady state motion, for example, 
the riding qualities of vehicles and vibrations in 
ship structures and aircraft. At first reading, pub- 
lished reports are confusing and contradictory, but 
on further study each report is found to have merit 
within the limits investigated. 

Unfortunately, aside from the fact that they pro- 
vide valuable knowledge concerning human reaction 
to constant agitation, these reports say nothing of 
the transient or impact forces that occur as the re- 
sult of an embedded dynamite blast. However, they 
do disclose interesting trends, which undoubtedly 
will be defined further in impact investigations. 

The work of Reiher and Meister at the Institute 
of Technology in Stuttgart, Germany, in 1931 and 
1935 provides important clues in this direction. These 
researchers subjected a group of 15 persons 25 to 
40 years old, of various occupations, to the continu- 
ous oscillations of a vibrating platform, through 
amplitudes from four ten-thousandths of an inch 
to 4 in., at frequencies from 1 to 70 per sec. They 
exposed each subject to various vibrational modes 
for 8-min intervals, during which the subject stood 
or reclined. When the subject reclined, motion was 
applied both parallel and transverse to the axis of 
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FREQUENCY , CYCLES PER SECOND 
Fig. 4—Human response to vibration for vertical direction 
and reclining position. From lower left, perceptible, objec- 
tionable, and uncomfortable. (Based on Reiher and Meister.) 


the body. After each test the sensations experienced 
by the subject were rated as 1) not noticeable, 2) 
barely noticeable, 3) well noticeable, 4) strongly 
noticeable, 5) objectionable, and 6) uncomfortable. 
Thus between categories 1 and 3 the threshold of 
irritation was established, and between categories 
4 and 6 the threshold of discomfort. 

As was expected, the degree of sensation varied 
widely between subjects. Furthermore, the same 
sensation was not always experienced by the same 
subject reacting to the same vibrations. Even so, 
the test results were carefully plotted and a wealth 
of valuable data obtained. These data are condensed 
in Figs. 1 through 6, which reproduce only three of 
the six curves by Reiher and Meister, namely, the 
second, fourth, and sixth, indicated as perceptible, 
objectionable, and uncomfortable. Horizontal lines 
in Fig. 2 and in the illustrations to follow indicate 
vibration amplitudes in mils, or thousandths of an 
inch, and vertical lines the frequency in cycles per 
sec. The bottom curve represents perceptible, the 
middle curve objectionable, the top curve uncom- 
fortable. The arrows on the right represent three 
vibrational characteristics. The top arrow indicates 
the rate of change of acceleration, sometimes re- 
ferred to as jerk, the middle arrow indicates accel- 
eration, and the bottom arrow, velocity. When the 
slope of the curve corresponds to the direction of 
one of these arrows, it indicates that the human 
sensations within this segment of the curve are 
stimulated and reacting to the vibration character- 
istic shown by the arrow. This reveals that in the 
lower frequencies, below 5 cycles, the reaction tends 
to conform to the rate of change in acceleration: in 
the middle frequencies, 5 to 10 cycles, to accelera- 
tion; and in the higher frequencies, above 10 cycles, 
to velocity. 
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Fig. 5—Human response to vibration for longitudinal direc- 
tion and reclining position. From lower left, perceptible, 
objectionable, and uncomfortable. (Reiher and Meister.) 


In this case, at 10 cycles (bottom-center reading 
up) the effect of vertical movement applied to a 
person standing must be increased nine times over 
perceptible before becoming objectionable, and 32 
times before becoming uncomfortable. The differ- 
ence between objectionable and uncomfortable rep- 
resents an increase of three and a half times 

When the person remains standing while being 
subjected to horizontal movement, Fig, 3, the motion 
must be increased 13 times over perceptible to be- 
come objectionable, and 39 times before becoming 
uncomfortable. The difference between the objec- 
tionable-uncomfortable limits is three times, or ap- 
proximately the same differential as that for vertical 
movement. In general, when someone is standing, 
twice as much horizontal as vertical movement is 
required to invade objectionable-uncomfortable 
limits. 

When the subject reclines and is moved in the 
vertical direction, Fig. 4, an increase of 13 times 
over perceptible is required to become objectionable, 
and an increase of 51 times to become uncomfort- 
able. When this reclining position is compared with 
the standing position, it is found that three times 
as much vertical movement is required to invade 
the objectionable-uncomfortable limits. In other 
words, the body is more sensitive to vertical vibra- 
tion when in an upright position. When the subject 
is still reclining and being moved horizontally, 
parallel to the axis of the body, Fig. 5, the reaction 
is similar to that for horizontal-standing 

When the subject reclines and motion is applied 
transverse to the axis of the body, human reaction 
is more pronounced than for any of the various com 
binations with the exception of vertical-standing 

In summary, the human body under steady state 
agitation is most sensitive to vertical motion when 
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FREQUENCY, CYCLES PER SECOND 
Fig. 6—Human response to vibration for transverse direction 
and reclining position. From lower left, perceptible, objec- 
tionable, and uncomfortable. (Based on Reiher and Meister.) 


the person is standing and least sensitive when he 
is reclining, as shown in the left diagram of Fig. 7. 
When the movement is confined to the horizontal, 
the reclining person is most sensitive to motion ap- 
plied transverse to the body axis, as shown in the 
lower diagram. Sensations of this kind are experi- 
enced in sleeping cars of trains. 

Finally, although this discussion is confined to 
amplitudes having a frequency of 10 cycles per sec, 
the importance of frequency on these human reac- 
tions must not be overlooked. For example, in Fig. 
6, if the frequency were increased six times to 60 
cycles, the objectionable sensations would be experi- 
enced at 0.19 mils, or about two ten-thousandths of 
an inch. This motion is but one sixth of that con- 
sidered objectionable at 10 cycles, Furthermore, ob- 
jectionable motion at 60 cycles would not be per- 
ceptible at 10 cycles. Now, if frequency is decreased 
to 5 cycles, the objectionable sensation would not be 
experienced until an amplitude of 5 mils was 
reached, or four times the movement considered 
objectionable at 10 cycles. 

If these curves are extended to the upper edge 
and beyond the limits of the graph, into the range 
of earthquake frequencies, amplitudes of the order 
of inches would be required to produce the same 
degree of human sensation experienced by ampli- 
tudes of less than one thousandth of an inch in the 
blast frequency range. This offers some explanation 
of the claim frequently advanced that the results of 


> 


HORIZONTAL VIBRATION 


VERTICAL VIBRATION 


Fig. 7—Objectionable level. Human response at 10 cycles 
per sec. 


some industrial blasts are worse than an earth- 
quake. 

One important phase of human reactions, not cov- 
ered by the investigations of Reiher and Meister, 
has to do with what is called the startle reaction. 
This reaction, induced by the ear, is known to bring 
about momentary increases in heart rate and res- 
piration. The source need not be loud or intense, 
but only unexpected. It has been well established 
that these sudden disturbances exert profound in- 
fluence on a person’s decision that he detests a cer- 
tain sound, and incidentally, those responsible for 
making it. 

Not only the ear is involved. Skin areas, muscles, 
tendons, joints, and internal organs are excited as 
well. The individual or collective effects on these 
parts of the body frequentiy cause people to con- 
clude that the earth or building supporting them is 
shaking violently, when, as a matter of fact, they 
are actually being moved through microscopic di- 
mensions. 

It must be remembered that the average person 
can feel vibrations that are one hundredth to one 
thousandth parts of the magnitude necessary to 
damage structures. Until these facts are firmly im- 
planted in the public mind, those whose business 
requires them to discharge blasts will undoubtedly 
be confronted, from time to time, with claims for 
structural damage, which are in fact based on mis- 
conceptions arising from human reactions. 

Although these facts point to the road ahead, they 
do not in themselves hold any immediate applica- 
tion to industrial blasting procedures. They do, how- 
ever, clearly disclose the urgent need for further 
investigations into the complexities of human re- 
sponse to impact. There is every reason to believe 
that the body can withstand a far greater degree of 
shock under impact than it can under prolonged 
agitation. 

The Vibration Measurement Engineers organiza- 
tion has made an exhaustive review of its files and 
endeavored to correlate some of the measured seis- 
mographic data with statements made by people the 
company regards as chronic complainers. On the 
basis of this approach, there is reason to believe that 
industrial blasting vibrations might be increased as 
much as five to ten times that of steady state motion 
before the objectionable-uncomfortable zones are 
invaded. 

Reference 
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Precipitation of Metal from Salt Solution 
By Reduction with Hydrogen 


Early work on chemical precipitation of metals from metal salt solutions is reviewed. 
The chemistry and thermodynamics of precipitating copper, nickel, cobalt, and cadmium 
metals by reaction with hydrogen are discussed. Mechanisms of metal precipitation, nu- 


cleation, growth, and agglomeration are reviewed, as well as some solubili 
gases and solids at elevated temperatures. Experimental data presented 


phenomena of 
| mainly with 


the reaction of copper sulfate solution with H». 


by F. A. Schaufelberger 


ETAL can be recovered from a leach solution 

either indirectly by precipitation as a com- 
pound that is later reduced or directly by electrolysis, 
cementation, or chemical reduction, for example, 
with hydrogen. The widely used electrowinning 
processes suffer from the inefficiency of converting 
fuel to low voltage de and from low current effi- 
ciency when complete recovery is attempted. With 
the batch hydrogen reduction methods outlined 
here, a unit of fuel converted to hydrogen in modern 
gas reform plants will make two to three times as 
much metal as can be obtained with electrolysis. 
With continuous hydrogen reduction, four to six 
times as much metal is obtained. 

Precipitation by reducing a metal salt solution 
with H, has been known for almost 100 years. Com- 
mercial use of the process, however, awaited the 
research and development program initiated by 
Chemical Construction Corp. Within the last few 
years this program has brought about construction 
of commercial plants, listed on page 545. 

Ideal hydrogen reduction will precipitate a pure 
metal from a solution obtained by commercial leach- 
ing methods at a rapid rate without excessive tem- 
peratures and pressures. The metal precipitate will 
be of desired size and density, less than a percent 
left in the vessel being deposited on the wetted 
parts. 

The present discussion will outline Chemical Con- 
struction Corp.’s early development program and will 
discuss the chemistry and mechanics of reducing 
copper, nickel, cobalt, and cadmium from solution 
by H,. Work on selective reduction of nickel from 
cobalt has been described earlier.’ 

The article is not concerned with precipitation of 
copper by disproportionation of cuprous solutions 
where yield is limited’ to 50 pct.* It does not discuss 

* Copper precipitation by disproportion, 2 Cue = Cu* + Cur, is 
due to instability of the cuprous ion. Cuprous ton can be stabilized 
by formation of complexes, eg., with CO or ammonia. Removal of 
CO from a Cusi(CO) 80, solution by boiling or by application of 
vacuum, or the neutralization of a cuprous ammine solution with 
acid, will cause copper precipitation 
use of gaseous reducing agents other than hydrogen, 
such as SO,,* which may lead to contamination with 


F. A. SCHAUFELBERGER, formerly with Chemical Construction 
Corp., is now with Ciba Ltd, Basel, Switzerland (Ciba States Ltd., 
New York City). 

TP 4239BD. Manuscript, Nov. 22, 1954. Chicago Meeting, Febru- 
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sulfur, or CO," which is considerably more expen- 
sive than hydrogen and produces a gaseous reaction 
product, CO:.t The article does not include use of 

t Formation of toxic nickel tetracarbony! by reaction of CO on 
ammoniacal nickel solutions (160°C, 300 psi CO) is discussed in 
Ref. 6 
other nongaseous reducing agents,” which are far 
more expensive than CO. Also, notes on the history, 
engineering design, and performance of commercial 
plants have been given elsewhere." 

It will be shown that a pure metal can be pre- 
cipitated by reduction with hydrogen from solutions 
obtained by commercial leaching methods when the 
solution composition is controlled and proper acidity, 
proper metal ion concentration through controlled 
complex formation and hydrolysis, and adequate 
agitation for suspension of metal and for transfer 
of reducing gas are maintained. Reasonable tem- 
peratures and pressures are used which are less 
excessive than those used by previous workers, 
although they are maintained at above equilibrium 
values because of process kinetics.” 

It has also been found necessary to induce nuclea- 
tion and to control growth and agglomeration in 
order to get a powder product of suitable physical 
properties. 

Review of the Literature 

Muller, Schlecht, and Schubardt of I. G, Farben” 
claimed a successive reduction of silver, copper, 
nickel, cobalt, and zinc from ammoniacal solution 
by applying progressively higher temperatures and 
hydrogen pressures. Metals produced by this tech- 
nique were not pure, since no attempt was made to 
adjust the solution composition between the dif- 
ferent reductions. It is doubtful that the zine product 
contained any metallic zinc. 

The major contribution to the literature” was 
made by the Ipatiews,“” who prepared platinum, 
iridium, copper, nickel, cobalt, lead, tin, arsenic, 
antimony, and bismuth at often extreme conditions, 
up to the critical temperature of water (373°C), at 
1500 to 7500 psi, for as long as several days. Even 
cadmium and zinc were claimed to have been ob- 
served in trace quantities precipitated together with 
basic salts. In the early experiments solutions were 
not stirred. Extensive formation of oxides and basic 
salts occurred, probably long before sufficient hy- 
drogen could be supplied in the unstirred liquid to 
decrease the metal concentration in solution by re- 
duction. The importance of hydrogen pressure was 
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Fig. 1—Potential of 1 and 10° molar metal solutions, and 
hydrogen potential at varying pH (25°C). 


over-emphasized. The pioneer work of the Ipatiews 
has been continued in Russia” with the most recent 
report by Tronev, Bondin, and Khrenova”“ on reduc- 
tion of copper, nickel, cobaltous and cobaltic am- 
moniacal chloride and sulfate solutions with hy- 
drogen. Most of this work, however, was carried 
out in unbuffered solutions. 


Reduction Equilibrium 
A. Calculation of Equilibrium: Reduction of di- 
valent metal ions such as copper, nickel, cobalt, lead, 
and cadmium by hydrogen may be written as 


M* + H: = M’ + 2H” [1] 


with an equilibrium constant K (neglecting activity 
coefficients ) 


_ 


[2] 


where brackets denote molar concentrations and P 
the pressure in atmospheres. 

The degree to which this reaction occurs is given 
by the familiar thermodynamic equation for the 
free energy change A F (cal.) or more conveniently, 
the potential E (volt): 


A F = — 23,060 n E = —RT In K. [3] 


Reductions of copper, nickel, and cobalt solutions 
with H, attain commercially attractive rates only at 
temperatures higher than 70°C. Extrapolation of 
thermodynamic data is certain to be speculative, 
but actual data at elevated temperatures are not 
available. It is therefore convenient first to calculate 
E for room temperature conditions, then to attempt 
to approximate E for elevated temperatures, and 
finally to discuss briefly the effect of variation in 
experimental conditions. 

Fig. 1 plots the variation in E at 25°C for 1 and 
0.001 M concentrations of the metal ions of interest, 
and also the hydrogen potential at various pH values 
and at 1 and 100 atm H, partial pressure (fugacity 
at 100 atm and 25°C = 106.1 atm”). Of course, the 
metal potential is affected by pH only indirectly, 
since the metal concentration is a function of pH 
due to complex or hydroxide formation. For reduc- 
tion to proceed, the hydrogen potential must exceed 
the metal potential. It appears possible to reduce 
metals up to cadmium, perhaps including iron but 
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Fig. 2—Solubility of hydrogen (‘standard temperature and 
pressure) in water at varying temperatures and pressures. 
(From Industrial and Engineering Chemistry, 1952, vol. 44, 
p. 1147.) 
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hardly zinc. Cadmium turned out to be the least 
noble metal to be precipitated in pure form at 
industrially satisfactory yields and rates. 

It will be noted from Fig. 1 that a hundredfold 
increase in hydrogen pressure is comparable to an 
increase of one pH unit. 

Calculating reduction equilibria in aqueous solu- 
tion for elevated temperatures is difficult in view of 
the uncertainty in estimating the effect of temper- 
ature on the entropies of solutes, ions, or undis- 
sociated molecules. Since there are ions on both 
sides of the equation, temperature changes in en- 
tropies were assumed roughly to cancel out. This 
is admittedly not a very good approximation, but 
it appears as good as any in the absence of experi- 
mental data. Eq. 4 was used to calculate reduction 
equilibria using room temperature data: 


It is based on the assumption that the reaction en- 
tropy at temperature, T, A S;, is equal to the re- 
reaction entropy at 25°C, A Sas. Most of the data 
were taken from Latimer,” but for cobalt and nickel 
the data obtained by Haring” were selected. Data 
by Cobble” and Yatsmirsky-Grafova” were used to 
compute entropies of the ammine complexes. 

B. Solubility of Solids and Gases in Water at High 
Temperatures: Solubility of most metal compounds 
in water increases with temperature up to 120° to 
150°C but then decreases with further increasing 
temperature and becomes zero at temperatures ap- 
proaching the critical temperature of water, 373°C.” 
Even at 250°C, solubility of most metal sulfates has 
decreased to less than 1 gpl. At elevated tem- 
peratures solubility of basic metal salts and hy- 
droxides is also markedly decreased, and they 
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Fig. 3—Reduction equilibria of CuSO,, NiSO., and CoSO, in 
aqueous solution with H, (490 psig partial pressure). Reduc- 
tions carried out at 200°C. pH measurements taken after 
quenching to 25°C. Calculated figures are computed for 
200°C for solutions containing no (NH,).SO.. For Ni solu- 
tions containing (NH,).SO,, computation includes cooling 
to 25°C. (Reprinted from Transactions of the Institution of 
Mining and Metallurgy, London, 1954/1955, vol. 64, p. 379.) 


will often precipitate out at reduction temperatures 
from solutions of considerably higher acid strength 
than at room temperature. The experience of early 
investigators is so full of references to such pre- 
cipitates that it is easy to see the importance of con- 
trolling solution composition and using temperatures 
below 250°C to achieve pure metal precipitates. Of 
course, some high temperature precipitates may re- 
duce as a solid phase and others may redissolve as 
the reduction proceeds; others may influence the 
reduction favorably, as hydrogen activators or as 
nuclei. In reduction from ammoniacal solutions hy- 
drolysis is particularly important, but the present 
discussion will have to be limited to the reduction 
of the metal ion only. 

Gas solubilities in water, on the other hand, de- 
crease with temperature increase up to about 80°C 
and then markedly increase with further increasing 
temperature,” see Fig. 2. 

The unusual trend in gas solubility has been asso- 
ciated with the change in the structure of water 
from quasi-crystalline at room temperature to close- 
packed at higher temperature. At 200°C the struc- 
ture of water is apparently similar to that of organic 
solvents, such as benzene, at room temperature” and 
shows similar solvent characteristics. The structure 
of water is noticeably affected by pressures only 
above 5000 psi, or above reduction pressures under 
consideration here.” 

C. Effect of Reaction Variables: Inspection of Eq. 
2 indicates that thermodynamics of metal reduction 
is favored by a low H’ concentration, a high M* con- 
centration, and high hydrogen pressure. 

1. Illustrative Experiments: Table I outlines the re- 
sults of various experiments qualitatively, illustrat- 
ing the effect of M* and H’* ion concentrations on 
reduction of nickel by hydrogen in various environ- 
ments. A low nickel concentration was chosen to 
prevent complication by precipitation of basic nickel 
salts. The technique is described on page 548. 
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Fig. 4—Reduction equilibrium of cobaltous ammine sulfate 
with H, at 200°C and 500 psig H, partial pressure 


With nickel chloride, only 5 pct of the nickel was 
reduced because the H’ ions that formed during the 
reduction—HCl1 being completely dissociated—-had 
reduced the pH to a point where nickel reduction 
had to stop. In the experiment with nickel sulfate, 
the moderately stable bisulfate ion is formed and 
about 10 pct of the nickel was reduced before the 
solution became too acid. When ammonium sulfate 
was added to the nickel sulfate, the hydrogen ions 
produced were increasingly neutralized by forma- 
tion of bisulfate, and this buffering allowed half the 
nickel to be reduced before the solution was too acid 

When ammonium acetate was added, the hydrogen 
ions produced were tied up as largely undissociated 
acetic acid, and the solution was completely stripped 
of nickel without becoming too acid. Nickel sulfate 
plus pyridine reacts to form a weak nickel complex, 
but pyridine is not a strong enough base, so the 
solution became too acidic and the reaction stopped 

In the next experiment the nickel was complexed 
with a stronger base, ammonia, and the soiution was 


Table |. Hydrogen Reduction of Various Nickel Solutions® 


eduction 
at Eqal- 

Ubriam, Pet 


Selution Temperature 


NiCl, 

NisO, 

NiSO,-(NH,) SO, 
NiSO,-NH, acetate 
NiSO,-pyridine 
NiSO,-NH,-(NH,) SO, 
NiSO,-KCN 


*Ni = 0.2 M; temperature 200°C; Hy pressure 1000 psig 


buffered with ammonium sulfate. The ammonia 
raised the pH so that hydrogen became a stronger 
reducing agent, but it also decreased the concentra- 
tion of nickel ion in solution by complex formation 
so that it was harder to reduce. This buffering and 
complexing also prevented nickel compounds from 
precipitating in the alkaline solution. 

In the experiment with KCN, the concentration of 
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Fig. 6—Rate of reduction of CuSO, solution with Hy. Charge, 
gpl: 10 Cu as sulfate, 5 Fe as sulfate, 120 H.SO,, or as indi- 
cated, 80 Cu as powder; 200 psig. H, partial pressure. Vary- 
ing temperatures (177°, 204°, 232°C at 120 H,SO,) and 
varying initial acid concentrations (5, 120, 138 gpl H.SO, 
at 204°C). 

nickel ion in solution was so low, because of CN 

complexing, that reduction could not be obtained 

even at pH 11. 

2. Effect of Hydrogen lon Concentration: The equi- 
librium concentrations of copper, nickel and cobalt 
sulfate were calculated from Eq. 4 and available 
room temperature data. Accordingly the free energies 
of reduction for CuSO, NiSO, and CoSO, are some- 
what more negative, i.e.. more favorable at 200°C 
compared with 25°C. The difference appears negli- 
gible for copper and amounts to not more than 1 to 
2 keal for nickel and cobalt. 

Autoclave experiments were run to determine at 
200°C and 490 psi hydrogen partial pressure the 
nickel and cobalt concentrations in equilibrium with 
hydrogen at various pH values.’ Results of experi- 
ments and calculations are shown in Fig. 3. Ordinate 
values represent the molar concentrations of the 
dissolved metal. The calculated pH values pertain 
to the reaction temperature; the experimental pH 
values were of necessity obtained at room tempera- 
ture after cooling a sample from the autoclave. How- 
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ever, the pH at room temperature is expected to 
approximate the actual hydrogen ion activity at 
200°C because the stable HSO, ion appears to be- 
come even more stable with rise in temperature. 
It will be noted that copper can be essentially quan- 
titatively reduced in strong acid solutions with a 
calculated pH of —3, or 1000 M acid. Although this 
could not be checked experimentally, complete re- 
duction has been obtained from sulfuric acid solu- 
tions as strong as 20 pct. The data also show that 
cobalt and nickel can be reduced to 0.01 M (0.6 gpl) 
at pH values of 3.3 and 2.75 respectively. 

Selective reduction at controlled acid strength is 
indicated for commercially acceptable separation of 
copper, nickel, and cobalt from each other and from 
other metals likely to be found in leach liquors, for 
example, iron, zinc, aluminum, and magnesium. 
Experiments in stepwise selective reduction which 
show the sharp separation of two metals with poten- 
tials as close as those of nickel and cobalt have been 
reported in another paper.” 

Data on the effect of ammonium sulfate on reduc- 
tion of NiSO, are also included in Fig. 3. With am- 
monium sulfate present, reduction appears to pro- 
ceed to a lower pH value before equilibrium is 
reached. The pH is chiefly determined by the bi- 
sulfate-sulfate buffer system. The second dissocia- 
tion constant of H,SO, which is 1.25 x 10° at 25°C 
has been estimated to be 5.1 x 10“ at 200°C. The 
hydrogen ion activity at reduction equilibrium 
therefore will increase upon cooling and furnish a 
pH somewhat more acid than the actual acidity at 
reduction conditions, satisfying the expression: 


{HSO, 


In contrast to the above discussed reductions with- 
out ammonium sulfate, these equilibria with am- 
monium sulfate were calculated for room tempera- 
ture, using Eq. 5 to convert the equilibrium com- 
puted for 200°C to room temperature. 

For calculation purposes the activity of the metal 
ion at 200°C was assumed to be 1 and about 0.1 in 
the presence of ammonium sulfate, taking into 
account the formation of sulfate complexes.” Experi- 
mental data checked the calculated data closely 
enough to support the assumptions made, 

Additional experiments studying the reverse re- 
action, the dissolution of metal in H,SO, under H, 
pressure, gave an order of magnitude agreement. 
It is interesting to note that while nickel metal dis- 
solves easily in 1 pct H,SO, to produce H, gas at 
atmospheric pressure, 500 psi H, partial pressure 
will stop nickel dissolution in 1 pet H,SO,—0.5 M 
nickel solution. 

3. Effect of Metal Ion Concentration: Metal ion 
concentration depends upon complexing and also 
pH which controls the precipitation of basic com- 
pounds. 

Ammonia is an economical reagent for raising 
the pH of the solution and thus obtaining a more 
favorable thermodynamics for metal reduction. On 
the other hand, ammonia is also an efficient com- 
plexing agent for copper, nickel, cobalt, and cad- 
mium, and the metal ion concentration in such 
solutions is therefore considerably diminished ac- 
cording to: 


Kuen = 1.25 x 10° [5] 


[NH,]* 
k, .. [6] 

[M(NH,),**] 
In Table II overall dissociation constants k, and 
standard potentials are given for a number of metal 
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Fig. 7—Rate of reduction of CuSO, solution with H, (200 
psig portial pressure) at 204°C, with varying sulfate con- 
centration. Charge, gpl: 10 Cu as sulfate, 120 H.SO,, 80 
Cu powder; 5 Fe as sulfate, except second curve from top: 
15. (NH,)SO, as indicated. 


60 MIN 


ammines. log k + log 55” data are also in- 


cluded. This expression was introduced by Bjerrum 
a few years ago” as a more convenient way for ex- 
pressing the strength with which the ligands are 
held. N is the number of uniformly bound ligands, 
Z the corresponding coordination number, and k the 
mean complexity constant of the system. 

It should be noted that due to the decrease of 
metal ion concentration the potential for the ammine 
is higher. However, the increase is less than the 
increase in the hydrogen potential with a change 
from acid to ammoniacal solution, and all these 
complexed solutions are thermodynamically re- 
ducible by hydrogen from ammoniacal solution. 

In contrast to its behavior in acidic solution, 
bivalent cobalt in ammoniacal solution is more 
noble than nickel. This is due to the increased dis- 
sociation of the cobaltous ammine complex, the 
dissociation constant being 1.25 x 10°, as against 
1.8 x 10° for nickelous ammine. 

Also it appears that a certain nickel-cobalt sepa- 
ration can be obtained in acid but that in ammoniacal 
solution cobalt should reduce ahead of nickel. How- 
ever, some selective nickel reduction has also been 
obtained in ammoniacal solution.” " This indicates 
that nickel reduces at a faster rate than cobalt. 

The reduction of divalent metals from ammoniacal 
solutions may be written: 

M* + 2NH, + H, = M° + 2NH,’ 


[NH,"]’ 
(NH,]’ Pu, 


Pu,” (8) 


Evaluating this equation at 200°C with room 
temperature data again requires the simplifying 
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assumptions used with Eq. 2. This gives Kee 
4.78 x 10° for the reduction of Co(NH,),"". Assuming 
 -_ 4 x 10”, activity coefficient of NH, 0.5 
and of NH, and the ammine complex 0.2, the 
curves of Fig. 4 were obtained. These curves were 
checked by experimental reduction for 0.2 and 2.0 
mols per liter (NH,),SO,. 

The presence of k, in the denominator in Eq. 8 in- 
dicates that reduction of weak complexes is favored. 
It is apparent that high concentrations of ammonium 
salts and free NH, (except in diammine reduction) 
adversely affect the reduction equilibrium, see Fig. 4. 

Eq. 8 is valid only for one particular complex, 
whereas actually a number of different complexes 
exist that should be taken into account in an exact 
treatment of the system. It should be remembered 
that during the course of the reduction the total 
metal ion concentration decreases and 2M NH,:M 
metal are converted to (NH,),SO, For example, if 
a mol ratio of 4 NH,:Co is used at the start, after 
90 pct reduction the mol ration is 22 NH,:Co. With 
increasing NH,:Co ratio the complexing increases 
and cobalt ion concentration decreases much faster 


Table ti, Copper, Nickel, and Cobalt Ammines* 


Standard Potential (25°C) (velts) Di 


Cu 

Cu 
Ni «** 
Co (NHa) «** 
Co «*** 


* According to Latimer 


than the total cobalt concentration. It would seem 
that the use of more than 2 NH,:Co would be un- 
desirable because the reduction would not go to 
completion. However, the lower ammines are not 
very stable at reduction temperatures, and an am- 
monia ratio initially somewhat above 2 may be re- 
quired to prevent hydrolysis. Hydrolysis can also 
be minimized by adding (NH,),SO,. In commercial 


g/L Ni 
80 


120 Pa 240 
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TIME AT TEMPERATURE 
Fig. 8—Rate of reduction of nickel. Tetrammine sulfate 
solution at 232°C with 450 psig H, portial pressure, with 
and without nickel seed. 
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Fig. 9—Crystalline copper — at 
Cu,(CO),SO, solution by slow disproportionation. 


80°C from 
X300. 


practice, in cobalt reduction 3 NH,:Co is used with 
0.4 M (NH,),SO, while in nickel reduction about 2 
NH,: Ni is used with up to 2 M (NH,),SO,. In other 
words, extra ammonia has been found better for 
cobalt and extra (NH,),SO, has been found better 
for nickel in order to control both precipitation of 
nonmetallic compounds at the beginning of the re- 
duction and the adverse effect of high NH,: metal 
and high (NH,),SO, at the end. The situation is 
even more involved when ammoniacal copper car- 
bonate solutions (scrap copper leach liquor) are 
reduced, Copper in ammoniacal solution is present 
in two valence states and numerous complexes be- 
tween Cu’, Cu”, NH,, and carbonate exist. When 
CO is used as reducing agent, additional complexing 
of Cu’ with CO occurs. Not only is the picture 
complex at the start; the situation becomes more 
complicated during the course of reduction as NH, 
and CO, are liberated, resulting in an increase of 
their partial pressures and a corresponding decrease 
of the partial pressure of the reducing gas. 

4. Effect of Hydrogen Pressure: Data in Fig. 1 
show that increasing hydrogen partial pressure has 
small effect on reduction equilibrium compared to 
the effect of pH. Use of high H, partial pressures is 
therefore not justified thermodynamically. 


Mechanics and Kinetics 

It has been pointed out that high pressures and 
temperatures are not needed for hydrogen reduction 
of most metal solutions. Yet commercial operation 
in plants using hydrogen reduction employs tem- 
peratures of 140° to 200°C and pressures of 400 to 
800 psig, of which at least half is H, partial pressure. 
These conditions, according to present knowledge, 
have been found justifiable in order to obtain com- 
mercial reduction rates. They are still far less than 
those used by earlier investigators. 

For a useful process it is not enough merely to 
make metal from its solution at a reasonable rate. 
It is also necessary to get the metal product in a 
form suitable for discharge from the reduction auto- 
clave, that is, as a sand-sized powder product rather 
than as plate on the walls of the autoclave or as 
pebbles. Obtaining metal in suitable form is also a 


kinetic rather than an equilibrium phenomenon. 


544—MINING ENGINEERING, MAY 1956 


Fig. 10—Copper powder. H, reduced from CuSO,-H.SO, so 
lution at 200°C. No seed. Agglomerates of crystals are re- 
sult of precipitation by Hy at high reaction rate in commer- 
cial-type reaction. X25. 


It is readily admitted that at the present time no 
attempt to formulate a complete kinetic explanation 
of metal reduction can reasonably be contemplated. 
Furthermore, the diversity of reduction kinetics 
makes the experimental picture very complex to 
present in full. To maintain the introductory char- 
acter of this article an illustrative discussion is pre- 
sented of the mechanics and kinetics of the reduc- 
tion process and semi-quantitative data on one sys- 
tem only, the reduction of CuSO, with H,. 

A. Effect of Reduction Conditions: Primary con- 
trollable variables in hydrogen reduction are hy- 
drogen pressure, temperature, solution composition, 
amount and kind of seed metal added, and agitation 
employed. 

Example: Reduction of CuSO,; The investigation 
was carried out with dilute copper solution to ap- 
proximate the conditions of the last compartments 
in a continuous reduction system where the rates 
will be least. Also, complications due to possible 
formation of nonmetallic precipitates are avoided. 
Preliminary experiments on reproducibility indi- 
cated that data can be reproduced to a fair degree 
if heat-up effects are ignored. Some seed (oxidized 
surface) is leached during the heat-up period and 
causes some difference in copper concentration at 
zero time. The ordinates in Figs. 5 to 8 indicate con- 
centration of metal remaining to be reduced. 

1. Hydrogen Pressure: Effect of variation of the 
hydrogen partial pressure is shown in Fig. 5. The 
straight line portion of the curves in Fig. 5 at the 
lower hydrogen partial pressure indicates that the 
reaction may be controlled by dissolving of hydrogen, 
but at the higher partial pressure this effect dis- 
appears. 

2. Effect of Temperature: A similar set of experi- 
ments was run with fixed hydrogen pressure at 
various temperatures. Results are shown in Fig. 6. 
It may be noted that the rate is considerably in- 
creased with temperature. 

3. Effect of Acidity: Also included in Fig. 6 are 
curves for reduction of solution with varying con- 
centrations of acid initially present. The adverse 
effect of acid on the reduction equilibrium was noted 
above in the theoretical discussion. Rate of reduc- 
tion is also reduced by increasing acid strength. 
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4. Effect of Sulfate: Presence of sulfate, on the 
other hand, (NH,).SO, or FeSO,, for example, in- 
creased the rate considerably, as shewn in Fig. 7. 

5. Effect of Seed: In all the experiments of this 
section 80 gpl of copper seed was present. Seed used 
in these experiments was produced by dispropor- 
tionation of an ammoniacal cuprous sulfate solution 
by acidification. Under these conditions the copper 
powder product consists mostly of octahedral crys- 
tals as illustrated in Fig. 9. Increase in copper powder 
hardly increases the rate of reduction. This is in 
marked contrast to conditions in nickel or cobalt 
reduction, Fig. 8. 

6. Effect of Agitation: It has been mentioned that 
certain reduction tests gave a slow rate because 
they were diffusion-controlled. It will be shown 
below that the use of seed is frequently desirable 
to activate H, or to facilitate growth. To avoid dif- 
fusion-controlled reactions and to suspend the seed 
metal powder, adequate agitation is needed. In 
general this is intense agitation designed to keep 
the solids suspended and to maintain a good gas- 
liquid transfer. This is important for reactions car- 
ried out in expensive pressure vessels where eco- 
nomic considerations require that reaction time be 
maintained at a minimum. Although above tests on 
CuSO, were all carried out with the same agitation, 
experimental reduction data should always be taken 
as relative, and unfortunately comparison and scale- 
up of agitation, particularly for such complex re- 
action systems, are stiil far from being fully under- 
stood. 

B. General Mechanism: Figs. 9 to 16 indicate the 
nature and variety of the powder product obtained 
from reductions. It may be noted that the usual 
metal product is highly agglomerated, but well 
formed crystalline metal particles can be obtained. 

Metal preparation by reduction of the metal ion 
from solution with H, is composed of nucleation, 
growth, and agglomeration phenomena. Nucleation 
is the homogeneous formation from the metal ions 
of the smallest stable particle of metal. Growth for 
the present purposes is the atom-by-atom deposition 
of metal onto a solid surface, whether a metal or 
foreign surface. Agglomeration is the clustering of 
two or more metal particles to form an aggregate 
which can be permanently cemented together by an 
overgrowth of metal. 


Fig. 11—Nickel powder, H, reduced from Ni(NH,),SO,- 
(NH,).SO, solution at 200°C, on seed. X50. For cross sec- 
tion see Fig. 12. 
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© The Chemico metals technique is proving its 
worth, as several plants are now operating close 
to or at capacity and consistently produce copper, 
nickel, and cobalt of commercially attractive 
purity at competitive costs 

e Having met contract performance, American 
Cyanamid Co. turned over operation of the Calera 

ant of Howe Sound Mining Co. to its owners on 

ec. 8, 1955. A practical commercial operation, 
the plant is reported to have produced in March 
250,000 lb of cobalt containing 3 to 4 pet Ni 

e Sherritt Gordon operations for 1955, includ- 
ing an ammonia leach of the company's own de- 
sign, have already been reported as satisfactory 
and are said to have exceeded plant capacity. 
Twenty-five tons of nickel per day and some co- 
balt are now produced 

@ National Lead's Fredericktown plant for re- 
covery of copper, nickel, and cobalt from 50 tpd 
of low grade sulfide concentrate is said to operate 
at about two-thirds capacity. 

@ The Whitaker Metals Co. scrap copper leach 
plant has recovered as much as 240,000 lb per 
month of a premium product for the copper metal 

wder market. The plant is now operated by 

luor Corp. as a semi-pilot plant. 

e Freeport Sulphur Co.'s demonstration plant 
for recovery of nickel and cobalt from 50 tons of 
Cuban laterite per day is reported to be operating 
satisfactorily at full capacity. 

@ Chemical Construction Corp., which did all 
the early research and development work and the 
design and construction of the plant, was sold by 
American Cyanamid Co, to Ebasco in April 195 
Negotiations are in progress for sale of the metals 
processes patents. 


Earlier kinetic and electron microscopy study on 
gold sols by Turkevich et al. should be mentioned.” 

Qualitative reducibility of a given metal ion natu- 
rally depends on the chemical nature of the metal 
ion, that is, on whether the ion is complexed by 
water, chloride, ammonia, or even organic mole- 
cules. Cadmium acetate, for instance, appears to 
reduce much more rapidly from an alcohol solution 
than from an ammine complex in an aqueous solvent, 

Metallié cadmium was precipitated in small yields 
by H, reduction from several ammine sulfate solu- 
tions at 224°C and 1200 psi total pressure. A par- 
ticularly pure metal product, however, is obtained 
in good yield, 65 and 80 pct, respectively, from a 
0.5 M cadmium acetate solution in methanol or iso- 
propanol at 200°C and 500 psi H, partial pressure 

In this connection it may be noted that cobalt 
ammine complexes often are markedly stable from 
a kinetic viewpoint.” 

1. Nucleation: Homogeneous nucleation of metal 
particles is usually difficult compared to their growth 
For example, reduction of copper, nickel, and cobalt 
from ammoniacal solution will usually nueleate only 
with difficulty but will readily grow additional metal 
onto metal surfaces already present. On the other 
hand, reduction of copper from acidic solution nu- 
cleates (and grows) readily, presumably merely 
because a larger number of metal ions are available 
in acidic solution, In ammoniacal solution the prob- 
lem is therefore one of supplying a metal surface, 
or seed, for growth. In early work at Chemical Con- 
struction Corp. this was accomplished by grinding 
the oversize metal product. However, grinding is 
cumbersome and a source of contamination of the 
product; also it is not possible to restore the original 
internal surface of the early precipitates. It soon 
became evident that improved means of nucleation 
had to be developed, such as: 1) use of a nongaseous 
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Fig. 12—-Cross section of a Fig. 11 type of nickel powder. 
H, precipitation from ammoniacal sulfate solution on seed. 
Note growth by agglomeration and deposition (onion struc- 
ture). X100. 


Fig. 13-—Nickel powder. H, reduced from acidic NiSO,- 
(NH,),SO, solution in continuous operation at 200°C. No 
seed. X75. 


Fig. 14-—Electron micrograph of nickel needles from a pow- 
der obtained by H, reduction of NiSO,-H,SO, solution at 
200°C. Area shown is approximately 34 wide. 
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reducing agent (e.g., hypophosphite or hydrazine) 
to produce a fine metal colloid from a minor portion 
of the solution; 2) performing a self-nucleating acid 
reduction on a minor part of the solution; or 3) use 
of solid compounds that catalyze the growth of metal 
by H, reduction. 

Nickel and cobalt metal, certain oxides, and vari- 
ous other hydrogen activating compounds are used 
industrially for hydrogenation of unsaturated organic 
compounds. It appears plausible that such com- 
pounds would also catalyze a metal reduction. Het- 
erogeneous catalysis was indeed found to be impor- 
tant for the nucleation of metal in reduction by H,, 
and it happens in the case of nickel and cobalt pre- 
cipitation that the reduction products themselves 
are among a number of possible hydrogenation 
catalysts. On the homogeneous catalytic activation 
of H, by Ag’, Hg*’, or Cu", see Halpern.” 

It should be noted that it is often difficult to decide 
whether in a given reduction run the metal had 
truly nucleated in the bulk of the solution or whether 
reduction was initiated on accidental impurities 
such as dirt or oil from the stuffing box. 

2. Growth: Crystal growth is a sequence of dis- 
solution, bulk diffusion, surface adsorption, surface 
diffusion, chemical reaction, deposition, desorption, 
and other reactions, and the kinetics of growth is 
concerned with the kinetics of that sequence. Gross 
reaction rate during a reduction should somehow 
depend, in a first approximation, upon the effective 
metal ion concentration, the H, molecule concentra- 
tion (in solution), the metal surface area, and tem- 
perature, Other effects of lesser immediate interest 
include the variation in growth rate between dif- 
ferent crystal faces, activity coefficients, and poison- 
ing of the metal surface by adsorption. 

Quantitative studies of growth kinetics are se- 
verely obscured by agglomeration of particles dur- 
ing reduction, which makes it difficult to determine 
surface areas. Also, as described above in reduction 
from ammoniacal solution the varying NH,:M” and 
NH, mol ratios during reduction cause a varying 
effective concentration of metal ion. For the present 
purpose, however, it is evident that the amount of 
surface area is important, see Fig. 8, and that the 
nucleation reaction noted above should give a high 
area of metal. The structure of the nickel powder 
shown in Fig. 12 indicates growth by deposition 
(onion structure) and agglomeration. 

Even the mechanism by which crystal growth 
occurs is not clear. Recent investigations increas- 
ingly support a screw dislocation mechanism for 
crystal growth rather than the classical two-dimen- 
sional, surface nucleation viewpoint. In metal re- 
duction, a filamental type of crystal growth has often 
been observed which appears to be the result of a 
dislocation mechanism, see Fig. 14 and Ref. 30. 

Since cobalt and nickel metal are ferromagnetic, 
it would perhaps be expected that growth of these 
metals in a magnetic field would affect the growth 
kinetics or at least the magnetic properties of the 
resulting metal crystals. In the laboratory of Chemi- 
cal Construction Corp. W. G. Courtney has observed 
an increase in the coercive force of these metals 
when they were prepared in a magnetic field by 
reduction with hypophosphite. However, he could 
observe no effect on the coercive force in reduction 
by H,. This suggests a qualitatively different growth 
mechanism with the two different reducing agents.” 

3. Agglomeration: From colloid chemistry it is 
known that, unless stabilized, solid particles in the 
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size range of 0.1 to 5 » agglomerate. A particle may 
agglomerate either to another particle or to the 
autoclave wall. According to theory, the tendency 
for either type of agglomeration to occur depends 
upon particle concentrations, surface area of the 
wall, type and degree of adsorption of ions onto the 
surfaces of the particles and walls, degree of agita- 
tion, and many other factors. Appropriate data at 
elevated temperature are again lacking; even at 
room temperature the agglomeration process is not 
well understood. 

Agglomeration is doubly undesirable. Agglomera- 
tion between particles decreases the total metal sur- 
face area and thus the reduction rate. Agglomera- 
tion to the wall, or wall plating, Fig. 15, not only 
removes metal trom the immediate production but 
also requires equipment downtime tor its periodic 
removal. After plating starts there is a catalytically 
active metal surface on which additional metal will 
be easily deposited, unless a much larger surface of 
metal in the bulk solution is provided in the form 
of metal seed particles. On the other hand, agglom- 
eration, in cases of slow growth, is the only mech- 
anism available to consolidate small particles to 
form metal powder coarse enough to prevent its 
redissolution in subsequent washing steps or dusting 
in drying operations. 

Two observations from separate and dissimilar 
studies will be given to illustrate the agglomeration 
process. Successive samples of a NiSO, reduction 
conducted at slow rate showed that in the first 
sample the nonagglomerated particles have a size 
range of 0.1 to 0.4 w (by electron microscope). In 
the second sample taken a few minutes later, the 
particles are either 0.5 to 0.8 w or are agglomerates 
of 2 to 5 uw total diameter. 

An autoclave with glass walls (a sight glass) was 
used to reduce copper from an ammine carbonate 
solution with CO. As the temperature was increased 
toward 120°C, a Tyndall effect was noted. A few 
minutes later, presumably after a critical particle 
size had been reached, a sudden coagulation oc- 
curred which formed a few visible agglomerates in 
the bulk of the solution and rapidly coated the glass 
wall with copper foil. 


Purity 

Impurities in a metal reduction can arise from: 
1) superficial entrapments of solid salts or solution 
during agglomeration of metal particles, 2) entrap- 
ment by agglomeration but followed by an over- 
growth of additional metal, or 3) an intimate mix- 
ture of impurity and metal atoms arising from 
incorporation of impurity atoms during the atom- 
by-atom growth of metal during reduction. 

Reduction from insufficiently buffered ammoniacal 
solution at excessive temperatures may lead to im- 
pure powders. The fluffy basic metal compounds 
that precipitate on heating up are likely to retain 
impurities, and since such compounds normally re- 
duce directly by solid-gas reaction without being 
redissolved as reduction proceeds, contamination by 
carbon from carbonate or sulfur from sulfate solu- 
tion, oxygen, or contained impurities is in certain 
cases expected. 

It is also possible at temperatures near 250°C to 
reduce sulfate to sulfide with hydrogen. Another 
reason for using control of environment to facilitate 
reduction is that such high temperatures are not 
needed. 

Pure metals can also be obtained from impure 
solutions. Impurities such as iron, zinc, aluminum, 
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Fig. 15—Nickel foil and agglomerates as stripped from the 
walls of the autoclave. Reduction of an ammoniacal nickel 
solution at 175°C with Hy. No seed was provided. Compare 
with Fig. 13, nickel from an equally unseeded reduction, but 
from a self-nucleating acid system. X3 


Fig. 16—Cobalt powder. H, reduced from Co(NH,),50,- 
(NH,),SO, solution at 200°C, on seed. Highly densified. 
Note how in contrast to Fig. 1! surface of agglomerate is 
smoothed out by subsequent metal deposition. X75 


and magnesium are not reduced to metal and will 
not contaminate the metal powder if kept in solu- 
tion. Copper powder containing 0.005 pct Fe has 


Table ili. Analyses of Copper, Nickel, and Cobalt Powders 


Ne. 1 Nes Ne.4 WNe.5 
ce N Ni Ni Ce 


99 948 nil 0.097 nil 
nil 00.72 00.74 0.15 
nil O24 0.15 6 

0.007 0 025 0.027 0.20 
nil nil 
0 003 
nil 
nil 0.001 0.015 0.02 
0011 
0 008 


* No nickel-copper separation carried out at this plant 
Nos. 1-3 and 5 are products prepared in different piloting opere 
tions * 
Nos. 4, 6, and 7 are plant products 


been produced in acid reduction from solution con- 
taining up to 15 gpl Fe Even cobalt and nickel, 
if present, do not contaminate copper if the copper 
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an 
Ce Ce 
Cu 0.01 002 
Ni 0.54 3.7° 
Co wa 40 06.7 
Fe 0.06 0.07 
Zn nil 
Sn 
Pb 
Ss 006 0.06 
H, loss 


is reduced from solution with a pH of less than 1 
where, as shown by Fig. 3, cobalt or nickel are not 
reduced at equilibrium conditions. In one commer- 
cial operation copper is reduced from a solution 
richer in nickel and cobalt than in copper and the 
powder produced analyzes less than 0.01 pct of each, 
nickel and cobalt. 

Copper analyzing 99.99 pct has been produced 
from sulfate and from carbonate solutions. In Table 
Ill a few product analyses from various industrial 
and larger piloting operations are given. 

In general each problem is different and any re- 
quired purity can be obtained by a combination of 
controlled reduction with prepurification and sub- 
sequent washing. 


Apparatus 

Experimental data presented here have been ob- 
tained during the course of a program of applied 
research extending over a period of several years. 
Autoclaves used include rocker bombs, 1-gal auto- 
claves heated with Dowtherm jackets or with gas 
and usually equipped with a liner. Temperatures are 
usually controlled within 2 to 5°C. A few experi- 
ments have been run in 10 and 25-gal autoclaves. 
These are heated with a steam coil. 

Although the air in the clave could be removed 
by heating and venting, because many solutions may 
contain ammonia, it has been the standard practice 
to purge the clave with nitrogen before heating. 

The pressure vessels were usually provided with 
sample lines, some having porous stainless steel or 
tantalum micro filters, for sampling at operating 
temperature and pressure into sample bombs. In 
experiments of qualitative nature, the pressure ves- 
sels were cooled before discharging, although some 
redissolution of metal may have resulted. 

Considerable quantities of reducing gases are con- 
sumed in these reduction reactions. In view of their 
low solubility, maintenance of good absorption and 
diffusion rates by suitable stirring is important.” 
Various types of agitation have been employed. 

Most of the various physical and chemical re- 
actions that occur during a reduction appear to be 
greatly affected by what may be called the hydro- 
dynamics or the stirring pattern, which in turn are 
largely functions of the geometry of the stirrer and 
vessel, of the stirring rate, of the composition of 
the solution, and of the reaction conditions. Efficient 
dispersion of solids (seed metal, catalysts and newly 
precipitated metal) is as important as good gas dis- 
tribution, Excessive centrifugal action should be 
avoided in order not to plaster the autoclave walls 
with growing metal particles. Rough surfaces are 
undesirable, as they become coated much faster. 

Precipitated powdered metal was usually washed 
with water, alcohol, and acetone or ether and then 
dried on a steam bath. In some tests the powders 
were dried with hydrogen at elevated temperatures. 
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AIME Adopts New Seal 


With the adoption of the new name 
of the Institute, including the word 
Petroleum, it has seemed desirable 
to design a new emblem, shown on 
p. 449 of this issue. The crossed ham- 
mers have been the symbol of min- 
ing and metallurgy for hundreds of 
years, and long before oil was dis- 
covered in quantity. The new design 
includes something characteristic of 
the petroleum industry as well. The 
new emblems are expected to be 
available early in the summer, at 
which time members will be advised. 
The price will probably be the same 
as for the former pin, $4 plus 10 pct 
tax. The emblem will be available 
as a pin, lapel button, or tie clasp. 


Award Committees 


Funds are sufficient to finance all 
of the usual AIME Awards to be 
presented at the Annual Meeting in 
New Orleans Feb. 24 to 28, 1957, 
except the Ramsay Medal for 
achievement in coal mining. 

Award committees have been 
named, and the chairmen will be 
glad to hear from any AIME mem- 
bers who wish to suggest the name 
of a candidate worthy for considera- 
tion by the appropriate committee. 
Their names follow: W. A. Dean, 
committee chairman, James Douglas 
Medal for distinguished achievement 
in nonferrous metallurgy; C. E. 
Weed, chairman, W. L. Saunders 
Medal for mining; R. W. French, 
chairman, Anthony F. Lucas Medal 
for petroleum; M. L. Haider, chair- 
man, Charles F. Rand Medal for 
mining administration; C. Y. Garber, 
chairman, Robert H. Richards Award 
for mineral beneficiation; J. S. Marsh, 
chairman, Benjamin F. Fairless 
Award for iron and steel; C. M. 
Squarcy, chairman, J. E. Johnson Jr., 
Award for iron and steel (recipients 
under 40); J. C. Calhoun Jr., division 
chairman, Mineral Industry Educa- 
tion Award; K. L. Cook, division 


flicting field trips is planned. 


AIME Northeastern Mining Branch 


Conference 
Hershey, Pa. November 8-9-10 


Comprehensive branchwide technical program with noncon- 


Host: Lehigh Valley Section, D. S. Lyons, Section Chairman; 
W. B. Stephenson, General Conference Chairman 


Look for further details in June issue of Mining Engineering. 


chairman, Jackling Award for min- 
ing, geology, or geophysics. 

The following awards have also 
been authorized for best papers: 
Robert W. Hunt Medal, Mathewson 
Medal, Extractive Metallurgy Divi- 
sion Award, and the Rossiter W. 
Raymond Award. 


ECPD Submits New 

Engineering Definition 

A new definition of engineering 
was submitted by the Engineers 
Council for Professional Develop- 
ment, and approved by the AIME 
Board of Directors at their February 
meeting. It states: “Engineering is 
the profession in which a knowledge 
of the mathematical and physical 
sciences gained through study, prac- 
tice, and experience is applied with 
judgment to the known materials 
and forces of nature for the comfort, 
health, safety, and welfare of man- 
kind.” 


Local Section Formed 


A new local section has been 
carved out of territory formerly in 
the area of the Delta Section. It will 
be known as the Evangeline Section, 
and comprises the following Louisi- 
ana parishes: Vermillion, Jefferson 
Davis, Allen, Evangeline, Acadia, 
Lafayette, St. Landry, Pointe Coupee, 
St. Martin, West Baton Rouge, Iber- 
ville, and Iberia. Chairman of the 
new section is Drew Cornell. D. D. 
Jones is Secretary. 


not been taken. 


Long Range Planning Committee Report 


The Long Range Planning Committee report has been re- 
ceived by the Board of Directors for consideration at the 
June Board of Directors meeting. Action on the report has 


The report will be published in the June issue of Mrninc 
ENGINEERING. Copies of the report are now available upon 
request from AIME headquarters. 


Arizona Students Active 


The Arizona Student Chapter re- 
ports a varied school year program. 
As well as participating in tradi- 
tional activities, it operates the Mines 
Building during exhibit days, giving 
conducted tours of displays. Several 
leading men from industry have 
addressed the group, and at a recent 
meeting a USBM member presented 
a film on the electron microscope. 

The tutoring program initiated this 
year is pointed to with pride. First 
limited to helping younger students 
in basic courses, assistance has been 
extended to all Mines College stu- 
dents, even those in senior courses, 
and results are encouraging. 


it will cost you 2c to 
help us help you... 


The office of the Mining 
Branch Secretary would like 
to revise and bring up to date 
their files on members who 
serve as full time or part time 
consultants to the Mining In- 
dustry. This information is 
needed to properly answer the 
many requests which are di- 
rected to our attention by per- 
sons writing in from all parts 
of the world. If you are inter- 
ested in having your name 
listed and kept in this up-to- 
date file, kindly send your 
name, latest permanent ad- 
dress, and special field of en- 
deavor or service as a consult. 
ant on a “Two Penny” Post 
Card to: Arnold Buzzalini, 
Mining Branch, AIME, 29 West 
39th Street, New York 18, New 
York Closing date for the 
first list will be July 1, 1956 
It is planned that this listing 
will be revised periodically in 
the future. 
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© Sixty-one members and eight 
guests attended the March 6 dinner- 
meeting of the Washington, D. C., 
Section at the Cosmos Club. Speaker 
for the evening was John Garrett, 
executive secretary, coordinating 
committee on materials, U. S. Dept. 
of Defense. Mr. Garrett discussed 
titanium metal, its properties and 
uses, and the role of the Dept. of 
Defense in its development and fu- 
ture. In addition, a 16-mm sound 
film, The Ninth Element, depicting 
mining and processing of ilmenite 
by the National Lead Co., was 
shown, 

Members who attended the meet- 
ing on April 3 at the Cosmos Club, 
heard Ulysses N. Staebler, chief, 
AEC, civilian power reactors branch, 
division of research development. 
Mr. Staebler discussed Power From 
Nuclear Reactors. 

On April 23, the Section was in- 
vited to a meeting of the District of 
Columbia Society of Professional En- 
gineers at the PEPCO Auditorium. 
The invitation was extended by the 
chairman of the Society, Wallace D. 
Barlow, who is also an AIME mem- 
ber. An Eastman color film, Mining 
For Nickel, released by International 
Nickel Co., was shown. In addition, 
Herman B. Director, formerly ad- 
visor to the Secretary of Commerce 
on Industrial Materials, was guest 
speaker. 

The May meeting of the Section, 
originally scheduled for May 1, has 
been postponed until May 8. At that 
time, Simon Strauss, vice president 
of American Smelting & Refining 
Co,, who recently returned from 
abroad, will discuss mining in Eu- 
rope. On the agenda for June 5, is 
a field trip to the Baltimore plant of 
Kaiser Aluminum & Chemical Corp. 


© The Reno, Nev., Subsection met 
March 9 at El Cortez Hotel. John N. 
Butler reported on the 1956 AIME 
Annual Meeting which he attended 
as a Nevada Section delegate. 

At the March 6 meeting of the 
Crucible Club, the Mackay School 
of Mines, University of Nevada, 
Student Chapter, student Karel 
Havelik spoke on his personal expe- 
riences in the slave labor uranium 
mines of Czechoslovakia, 


® On March 7 the Montana Section 
met in Butte at the Montana Power 
Auditorium Charles S. Burriss, 
plant manager of the Ideal Cement 
Co, at Trident, Montana, gave a talk 
on Cement Manufacturing from 
Quarry to Finished Product. The 
talk was illustrated by color motion 
pictures and slides, 


550—MINING ENGINEERING, MAY 1956 


A recent highlight of the Section’s 
activities was the visit on April 9 of 
C. E. Reistle, Jr., AIME President; 
E. O. Kirkendall, Secretary of the 
Institute; and R. E. O’Brien, Field 
Secretary from Salt Lake City. The 
dinner in their honor was held at the 
Hotel Finlen in Butte. Principal 
speaker was President Reistle who 
discussed phases of the petroleum in- 
dustry, in which he is recognized as 
an international authority. 

The following members were 
elected for 1956: J. R. Van Pelt, 
chairman; T. K. Graham, vice chair- 
man; Clifford J. Hicks, secretary- 
treasurer. The executive committee 
will also include Stanley M. Lane, 
Edward P. Shea, and Godfrey How- 
ard, president, Anderson-Carlisle Soc. 
Committee chairmen are: Fred E. 
Burnet, membership; R. G. Bowman, 
program; Edward I. Renouard, Jr., 
student awards; and Clifford F. Mil- 
wick, nominating committee. 

A joint AIME-Anderson-Carlisle 
Student Soc. Annual Get-Together 
was held on April 25 at the Museum 
Hall of the Montana School of Mines 
in Butte. The program, a student 
symposium, included papers on Geo- 
chemical Prospecting by T. Eyde, 
Zone Refining of Metals by E. Wes- 
terman, Formation Fractoring as an 
Aid in Increasing Oil Production 
by L. McCarthy, and Streaming 
Methods by A. Mular. 


@ The Metals and Mining Groups of 
the Philadelphia Section held a joint 
meeting on March 29, 1956, at the 
Lenape Club. The meeting was pre- 
ceded by a cocktail hour. 

W. C. Mearns, of the International 
Nickel Co., presented a 45-min color 
movie on Mining for Nickel, This 
film presented a comprehensive view 
of the modern techniques employed 
in the mining of nickel ores at Sud- 
bury. This film started with illustra- 
tions of modern exploration methods, 
and then showed clearly, six differ- 
ent techniques for removing the ores. 

A very enjoyable and informative 
question period followed the film. 


@ The Colorado Section met January 
19 at the University Club in Denver. 
Max Gelwix, head of the planning 


department, Climax Molybdenum 
Co. explained testing methods, 
equipment selection, and project 
planning at his company. 

The Board of Directors was asked 
to study the problem of holding the 
1957 Rocky Mountain Minerals Con- 
ference in Denver and to submit 
their recommendations. 


e The Annual Meeting of the Colo- 
rado MBD Subsection to be held 


jointly with the Pike’s Peak Section, 
will take place at the Broadmoor 
Hotel in Colorado Springs on May 
19. Elections, the annual business 
meeting and report are on the agen- 
da, as well as a dinner-dance. An 
excellent technical program has been 
arranged by John Ferguson and will 
feature five papers on the various 
phases of MBD work. The ladies are 
invited to attend a special program 
organized for them by the Pike’s 
Peak Section. 


e Ward Minkler, assistant manager 
for market development, Titanium 
Metals Corp. of America, addressed 
the New York Section on March 29, 
1956, speaking on the problems of 
the titanium industry today, and ti- 
tanium’s future. This was a joint 
meeting with the Section’s Physical 
Metallurgy Group. The dinner-meet- 
ing was held at the Mining Club. 

Mr. Minkler summarized the 
sources of titanium ore and the 
methods used in preparation of tita- 
nium sponge. A lively question and 
answer period followed the lecture. 

The March meeting was the occa- 
sion for John H. Ffolliott to relin- 
quish the chairmanship of the New 
York Section to Herbert Z. Stuart, 
incoming chairman. 

The Section will hold a Hob-Nob 
Meeting in association with the 
powder metallurgists in this area 
and the N. Y. Physical Metallurgy 
Group. Scheduled for May 16, this 
dinner-meeting will be held instead, 
on Thursday, May 24 in the Grill 
Room of the Brass Rail Restaurant 
on Fifth Ave. at 43 St. in N. Y. 

Featured speaker is N. J. Grant, 
Professor of Metallurgy, Massachu- 
setts Institute of Technology, Cam- 
bridge, Mass. He will discuss Dis- 
persed Phase Hardening, reviewing 
the development and performance of 
the aluminum and aluminum-oxide 
alloys of the SAP variety, particu- 
larly the theory behind high strength 
values achieved. Prof. Grant will 
describe the problems to be solved 
for successful alloys of the metal- 
metal oxide type to be practical. 


@ On March 9 the St. Louis Section 
met at the York Hotel to hear a 
study presented by Ross R. Heinrich, 
professor of geophysics and geo- 
physical engineering at St. Louis 
University. The topic was Some Ob- 
jectives of the Analysis of Ground 
Vibration Records. Dr. Heinrich’s 
interests lie with the relation of 
earthquakes in mid-continental U. S. 
to regional structure, and the charac- 
teristics of the propagation of elastic 
waves in the rocks near the earth's 
surface. 
(Continued on page 552) 
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HEN round up time comes 
around, out in the cattle coun- 
try, all hands pitch in and the work 
is quickly and effectively completed. 
When all the cattle are in, those al- 
ready branded and in good shape 
are cut out, and particular attention 
is paid to the strays and the dogies. 

We've had our round-up in New 
York. But what about the strays and 
the dogies? 

The strays are those members of 
our profession, our associates who 
haven't been branded as members of 
AIME. Everyone of us, by looking 


S 


{ J } 


CHUCK AIMEABLE SAYS... 


We're Out To Get 
The Strays And 


ISA MUST. 


~ A.1.M.E. 1S YOUR PROFESSIONAL SOCIETY ~ 


around, can find many of these who 
could be brought into the fold. By 
giving us their names and addresses, 
you can help the Membership Com- 
mittee in their work. While you are 
at it, you can do a little selling on 
what AIME has done for you and 
what it means to you, just to steer 
them to the corral. 

The dogies are our recent gradu- 
ates who, on January Ist, were auto- 
matically transferred to Junior Mem- 
bership. There will be a new crop 
soon; graduation day 1956 is fast 
approaching. There are also Junior 


Members who reached the age where 
they are transferred to Associate 
Membership. Why not extend to 
them the hand of friendship which 
has characterized our profession. We 
need these younger men; they are 
the leaders of the future 

So why not imitate Mr. AIMEable, 
the Symbol of your Membership 
Committee? Mount your trusty Cay- 
use, get out your lariat, and help us 
rope them in. This is round up time. 
C. E. Golson* 


* Chairman, AIME National Membership 
Committee 
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INDUSTRIAL MINERALS DIVISION 


NEWSLETTER 


Dear Members of the 
Industrial Minerals Division: 

At the annual Executive Commit- 
tee meeting of the Division held in 
New York several months ago, it 
was decided to use a portion of a 
coluran in Minine Enoreentne for 
a. IndMD newsletter four times a 
year. This is the first of a new quar- 
terly series of newsletters, and any 
special items of interest should be 
addressed to me, Robert M. Grogan, 
Secretary—lIndustrial Minerals Div., 
AIME, 6013 du Pont Building, Wil- 
mington 98, Del. 

Twenty-two committee chairmen 
and past chairmen attended the an- 
nual Executive Committee meeting 
in February, and this group plans to 
meet again in early May. Sandford 
S. Cole and Raymond B. Ladoo re- 
ported our Division will assist in the 
Mining Branch Northeastern Region- 
al meeting scheduled for November 
8th, 9th, and 10th at Hershey, Pa. 
The Division will have no separate 
regional meeting this year. It is 
hoped to favor the AIME Lehigh 
Valley Section, who are the local 
sponsors for this meeting, with a 
large attendance, and expect an in- 


dity Cc 


teresting program will await those 
who attend. Chairman for this re- 
gional meeting is W. B. Stephenson, 
The Allen Sherman Hoff Pump Co., 
259 E. Lancaster Ave., Wynnewood, 
Pa. 

Vernon E. Scheid, Pacific South- 
western vice-chairman announced a 
southwestern Minerals Conference is 
being planned for Reno, Nev., for the 
fall of 1956, and invited our Division 
to participate by contributing to the 
program and through member at- 
tendance,. It is proposed to hold this 
meeting annually in San Francisco, 
Los Angeles, and Reno on a rota- 
tional basis, following a plan similar 
to that now being established in the 
Northeast. 

Other items discussed at the Ex- 
ecutive meeting include the new 
Division abbreviation IndMD, this 
new form of a quarterly newsletter, 
committee on definitions to advise 
the American Standards Assn. on 
industrial minerals materials and 
the revision of the 1949 volume In- 
dustrial Minerals and Rocks. Since 
this meeting we have learned the 
Mudd Fund has adequate resources 
to take care of the cost of revision. 


ittee Chairmen 


Wilbur T. Stuart 

Walter E. Trauffer 
Pauline Moyd 

G. D. Emigh 

Raiph A. Fletcher 
Arthur L. Hall 

Thomas D. Murphy 
George F. Pettinos, Jr 
David M. Larrabee 
Thomas E. Gillingham, Jr 


Industrial Waters 

Cement, Lime, & Gypsum 
Ceramic Raw Materials 
Chemical Raw Materials 
Dimension Stone & Slate 
Fillers, Fibers, & Pigments 
Mineral Aggregates 
Special Sands & Abrasives 
Rare Metals 
Program Chairman 284 Morris Ave., 
Mountain Lakes, N. J 


Industrial Minerals Division 


Chairman of Division 


Secretary -Treasurer 
Eastern Vice Chairman 


Southeastern Vice Chairman 
Mid-Continent Vice Chairman 


Rocky Mountain Vice Chairman 


Pacific Southwestern 
Vice Chairman 

Pacifie Northwestern 
Vice Chairman 


Canadian Viee Chairman 


Raymond B. Ladoo—42 Huntington Rd., 

Newton 58, Mass 

see address above 

N. Y. State Science Service, 
Albany 1 


Robert M. Grogan 
John G. Broughton 
J.L. Weaver—-American Cyanamid Co., 
Brewster, Fla 

Illinois State Geological Survey, 
Urbana, Il 
Mineral Deposits Branch, 
U. 8. Geological Survey 
Building 25, Federal Center, 
Denver 14 
V. E. Scheid--Mackay Schoo! of Mines, 

eno, Nev 

M. T. Huntting——Washington Div. of Mines 
& Geology 
Olympia, Wash 

Victoria Building, 

Ottawa, Ont., Canada 


John C. Frye 


J.J. Norton 


Norman B. Davis 


Executive Committee 


To 1957--Carl F. Clausen, Portland Cement Assn 
33 West Grand Ave., Chicago 10 


George D. Dub, Cyprus Mines Corp 


est 6th St., Los Angeles 14 


Richard W. Smith, Natural Resources Dept 
U. 8. Chamber of Commerce, Washington 6, D. C 


Thomas L. Kesler, Box 31, 
Kings Mountain, N. C 


RK. J. Lund (filling unexpired term of R. B. Ladoo), 
Battelle Memorial Institute, Columbus 1, Ohio 


A. O. Bartell (filling unexpired term of J. G 


Broughton), 


308 Woodlark Building, Portland 5, Ore 


To 1950 


John H. Weitz, Independent Explosives Co., 


455 Leader Building, Cleveland 14 


R.H 
Pasadena, Calif 


Jahns, California Institute of Technology. 


T. D. Murphy, Pennsylvania Glass Sand Corp 


Berkley Springs, W. Va 


We hope many of you have already 
sent in your suggestions and offers 
to present papers at the coming re- 
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gional and annual meetings. Our 
next newsletter will appear in this 
column in the August issue.—R.M.G. 


the Sections, Cont d. 


* The San Francisco Section held a 
joint annual dinner dance with the 
ladies’ auxiliary at the Terrace Room 
of the Fairmont Hotel on March 17. 
Rod McCauley’s orchestra provided 
dance music, and the intermission 
periods were filled with diverting 
entertainment. 

Guest speaker for the meeting on 
April 13 was Carl E. Reistle, Jr., 
AIME President. The Engineers’ 
Club was the scene for this Presi- 
dent's meeting. Mr. Reistle, who is 
executive vice president in charge 
of production for Humble Oil Co., 
was accompanied by Ernest Kirken- 
dall, Institute Secretary, and Roy 
O’Brien, Field Secretary. 


A new 30 min film, Million Dollar 
Drill Holes, is now available for dis- 
tribution. The 16-mm film shows the 
complete process of drilling for 
uranium and many colorful pictures 
of the Colorado Plateau. 


It should be of particular interest 
to miners, machine supply houses, 
and bankers, and will be furnished 
free of charge to organizations. Ad- 
dress requests to Charles A. Steen, 
president, Moab Drilling Co., Moab, 
Utah, including three dates for show- 
ing the film so that the company can 
select one to fit their schedule. 


This film is complementary to This 
is Mi Vida, a 45-min 16-mm film on 
the production of uranium, which 
was released by Charles Steen’s Utex 
Exploration Co. about a year ago. 
This film, which is still available, has 
been viewed by some 50,000 people 
in the U. S., England, France, Aus- 
tralia, and Mexico. 


Diamond Drillers Meet 
In Canada 


An International Diamond Drill- 
ing Conference sponsored by the 
Canadian Diamond Drilling Assn. 
will be held May 31 through June 2, 
1956, at the Royal York Hotel in 
Toronto. In conjunction with this 
conference, there will also be the 
thirteenth annual convention of the 
Canadian Diamond Drilling Assn. 
and the spring meeting of the Dia- 
mond Core Drill Mfrs. Assn. (U.S.A.). 

The conference will feature tech- 
nical papers on diamond drilling by 
men from the U. S., Canada, Aus- 
tralia, and S. Africa. Of particular 
interest will be two papers: Screw 
Feed Versus Hydraulic Feed as Used 
in Canadian Drilling by Perry Hall. 
president, Boyles Bros. Drilling Co., 
Vancouver; and the same topic as 
applied to U. S. drilling by M. L. 
Tucker, Chicago Pneumatic Tool Co., 
New York. 
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Directors Meet 

Future meetings of the Board of ep) i 
Directors or the Executive Commit- 
tee will not be held monthly, as they 


have been in the past. Election of 

new members and other matters . 

which require prompt action will be conti nuous pea -_ od 
conducted by mail. The dates decid- 

ed upon for Board meetings are: 

June 20 and 21, and Nov. 21, 1956, 


both in New York; two meetings in e 
New Orleans are scheduled for Feb. U a @) ec id n 
24 and Feb. 26, 1957. 


The Executive and Finance Com- 
mittees will meet jointly with the 


Treasurer and Secretary of the In- — ’ 
stitute in New York on the following roug 
dates: Sept. 20 and Dec. 19, 1956. 
At the first meeting of the new 
Board of Directors, Feb. 21, 1956, the f 
following were named for the offices au oma 
and committees indicated: Gail F. ee 
Moulton to succeed himself as Treas- “" : b 
urer and Controller for a one-year ag 
term; William J. Masson to continue : 
as Assistant Controller; Ernest Kirk- Be 
endall to succeed himself as Secre- 
tary for one year; Edward H. Robie eaning 
until Nov. 30, 1956. a 
The Executive Committee is head- 
ed by C. E. Reistle, Jr., as chairman; 
H. DeWitt Smith, vice chairman, 
and T. B. Counselman, Grover J. 
Holt, and A. W. Thornton. The Fi- 
nance Committee will be led by An- 
drew Fletcher, chairman; R. B. 
Caples, and C. R. Dodson. 
Chairmen of the various fund com- 
mittees were named as follows: En- 
dowment, W. W. Mein, Jr.; Endow- 
ment Fund X, G. F. Moulton; Rocky 
Mountain Income, Henry Krumb; 
Seeley W. Mudd Memorial Fund, 
John M. Lovejoy; Gemmell Memorial 
Fund, Louis S. Cates; Henry L. 
Doherty Memorial, John M. Lovejoy. 
Chairmen of the Awards Commit- 
tees are: Robert H. Richards Award, Plants running full blast can ill-afford down time for 
C. Y. Garber; Rand Foundation equipment repairs and maintenance, Dust collection around 


adel Loon the clock without interruption is commonplace with Norblo 


Mining Medal, C. E. Weed: Lucas Pe- Automatic Bag Type Arresters. 
troleum Medal, R. W. French; Ers- Complete time-cycles for progressive automatic bag shak- 
kine Ramsay Coal Medal, L. C. ing are controlled by highly efficient electric timers, Only 


See eitd HL Wastes Beniendn one compartment is cut out at a time, and that for just a 


F. Fairless Award, J. S. Marsh. few seconds, with no drop in efficiency for the installation 

AIME Committees will be guided as a whole. Norblo’s compartment construction is the time- 
by the following chairmen: Honorary saving solution to inspection, maintenance and repair in 
Memberships, Andrew Fletcher; Ad- busy plants... For “good housekeeping” or for salvage, 


missions, R. B. Caples (chairman), Norblo Automatic installations have many design advan- 
and F. A. Ayer (vice chairman); ; 


Members’ Conduct. W, M. Peirce: tages wherever continuous high recovery of industrial dusts 
AIME Pension Trust, G. F. Moulton. and fumes is important. 

Chairmen of the AIME inter- 
society committees are: Library, 
Frank T. Sisco; Cooperation with the 


It pays you to write at once for latest information on 
Norblo Automatic Bag Type Dust Arrester that assures 
CIM and MSNS, P. J. Shenon; Re- constant high efficiency dust handling. 


se , F. B. Foley. 
ee THE NORTHERN BLOWER COMPANY 


6424 Barberton Ave., Cleveland 2, Ohic Olympic 1-1300 


Lack of facilities will preclude 


any exhibits by industrial com- ENGINEERED DUST COLLECTION SYSTEMS 
panies at the Annual Meeting , — , 
in New Orleans next February. Gob 


FOR ALL INDUSTRIES 
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PERSONALS 


Henry H. Hausner is general man- 
ager, nuclear engineering div., Penn- 
Texas Corp., N. Y. He will also act 
as consultant for Westinghouse Elec- 
tric Co.'s atomic power div., Nuclear 
Development Corp., Glenn Martin 
Corp., Argonne National Labora- 
tories etc. At Penn-Texas, Dr. 
Hausner will advise on the applica- 
tion of nuclear energy for industrial 
purposes. Formerly manager of en- 
gineering of Sylvania Electric Prod- 
ucts’ atomic energy division, he has 
also served as professor, New York 


HENRY H. HAUSNER 


University School of Engineering 
and is currently teaching at Brook- 
lyn Polytechnic Institute. Interna- 
tional authority on powder metal- 
lurgy, Dr. Hausner wrote the first 
technical book on this subject in 1947, 
and is also the author of Materials 
for Nuclear Power Reactors, pub- 
lished last year. He was general 
chairman of the recent symposium 
on Powder Metallurgy in Atomic 
Energy at the Philadelphia conven- 
tion sponsored by AEC and ASM. 


Philip E. McGarry is Research In- 
vestigator, Ore Dressing Dept., New 
Jersey Zine Co., (of Pennsylvania) 
at Palmerton, Pa. 


J. N. MeClure is manager, North 
Carolina mining operations, Lithium 
Corp. of America Inc., Bessemer 
City, N. C, 


Howard M. Fowler has opened a 
combination consulting and explora- 
tion office in Vancouver, and has 
available both scintillometer equip- 
ment and aircraft. Mr. Fowler is a 
professional engineer in Alaska and 
British Columbia. 


Allan F. Matthews economic geolo- 
gist for the U. S. International Co- 
operation Administration, has been 
transferred from Washington, D. C., 
to Bonn, Germany. He is program 
officer for U. S. aid, now largely 
limited to Berlin. 
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PHILIP D. WILSON 


Philip D. Wilson is president and 
Robert P. Koenig, vice president of 
the Mining & Metallurgical Society 
of America for 1956. Mr. Wilson, a 
consulting mining engineer and geol- 
ogist has been associated for some 
years with Lehman Bros. and the 
Lehman Corp. He is a director and 
member of AIME finance committee. 
Mr. Koenig, president of Cerro de 
Pasco Corp., and chairman of Circle 
Wire & Cable Corp., has also been 
prominent as a mining engineer in 
Peru and the U. S. 


ROBERT P. KOENIG 


Charles K. Leith received a citation 
for outstanding services from the 
AEC on Apr. 17, 1956, on his retire- 
ment as a member of the Combined 
Development Agency. The latter, is 
a joint U. K.-U.S.-Canadian organi- 
zation established 1944 in Washing- 
ton to procure and develop the pro- 
duction of uranium and thorium 
supplies in such areas as the Belgian 
Congo, Australia, and Portugal. Dr. 
Leith has been one of the three U. S. 
representatives on the agency since 
its establishment. A noted geologist, 
he is at present professor emeritus, 
department of geology, University of 
Wisconsin at Madison, where he has 
been teaching since 1902, 


George Huber of Montana School of 
Mines, Butte, has received the Viola 
Vestal Coulter Award of $200.00 for 
1955-56. 


F. H. Stewart, vice president and 
general manager of the Southwest 
Potash Corp. (a subsidiary of the 
American Metal Co.) Carlsbad, 
N. M., has been appointed manager, 
Mining and Exploration Dept., The 
American Metal Co., with headquar- 
ters in New York. W. Aubrey Smith, 
assistant general manager, South- 
west Potash Corp., succeeds Mr. 
Stewart as general manager. 


LLOYD R. BARNWELL 


Lloyd R. Barnwell is now associated 
with Allen Engineering Assoc. Inc., 
San Francisco, as mining and metal- 
lurgical consultant. Prior to this he 
was operations supervisor, Perma- 
nente Metals Corp., and assistant 
plant engineer for International Min- 
erals & Chemical Corp. in San Jose, 
Calif. 


Theodore D. Tiemann is now direc- 
tor, Alumina Research Laboratory, 
Reynolds Metal Co., Hurricane 
Creek Plant, Bauxite, Ark. 


DONALD A. RAMSAY 


Donald A. Ramsay, formerly engi- 
neer with McNeil Robinson, County 
Surveyor, Birmingham, is now as- 
sociated with Sverdrup & Parcel En- 
gineering Co., St. Louis. Mr. Ramsay 
is in charge of field engineering 
parties on design surveys for roads 
in Cassville area, Rock Dam and 
Roaring River in Missouri. 


4 
4 
' 
ng 
— 
— 
‘ 
ay 
BR 
* 
& 
‘ 


Torgus Oaas, assistant general super- 
intendent of mines, The Anaconda 
Co., Butte, Mont., has retired. Mr. 
Oaas had been connected with the 
company in various capacities for 
more than 43 years. He went to Ber- 
gen, Norway in 1907 and attended 
the Bergen Trade School. He at- 
tended Notre Dame University from 
1910 to 1912 and then worked for 
six months at the U. S. Steel mill in 
Gary, Ind. Later he returned to 
Butte and worked as a miner at the 
Tramway mine. During the next few 
years he worked as shift boss, safety 
engineer and foreman, and in 1928 
he was made assistant superintend- 
ent of mines. 


William Embry Wrather, director of 
the U. S. Geological Survey since 
1943, has retired. Mr. Wrather is 
well known for his pioneering appli- 
cations of geology to the underground 
search for oil and for his war time 
service with the Metals and Minerals 
Div. of the Board of Economic War- 
fare. In 1950 he was awarded the 
AIME Anthony F. Lucas Petroleum 
Medal, and in 1945 the 50th John 
Fritz Medal, the highest engineering 
award in this country. 


Robert N. Breckenridge is mine su- 
perintendent, Eureka Corp. Ltd., 
Eureka, Nev. 


Donald J. Drinkwater has been ap- 
pointed assistant manager, Marcy 
Mill Div., The Mine & Smelter Sup- 
ply Co., Denver, Colo. Mr. Drink- 
water was associated with U. S. 
Steel Corp. and the Ozark-Mohoning 
Mining Co. prior to joining Mine & 
Smelter as a metallurgical engineer 
in 1946. He graduated from the Colo- 
rado School of Mines with a degree 
of engineer of mining. 


Howard W. Miller has been ap- 
pointed superintendent, zinc mining 
operations, The New Jersey Zinc 
Co., Jefferson City, Tenn. Mr. Miller 
joined the company in 1946 as a 
geologist, exploration unit, Austin- 
ville, Virginia mine. He was trans- 
ferred to Jefferson City in 1949. 


Joseph P. McDaniel is superintend- 
ent of exploration, Loma Uranium 
Corp., Denver. Mr. McDaniel was 
with the Resurrection Mining Co., 
Leadville, Colo. 


Maurice H. Brady, Sabre Uranium 
Corp., Grand Junction, Colo., has 
been transferred from the Utah- 
Colorado Div. Mr. Brady is now en- 
gineer in charge of the exploration 
work in the Grants, N. M. area. 


B. M. Andreas has been appointed 
manager of mines of the Minnesota 
Div., M. A. Hanna Co. Robert C. 
Wallace is assistant manager of 
mines. Robert B. Crist is general su- 
perintendent, Minnesota Div., and 
will be located in the Hibbing, Minn. 
office. Fred E. Dyson succeeds Mr. 
Crist as superintendent of the Butler 
properties at Cooley, Minn. 


David J. W. Frazer is process metal- 
lurgist, Automatic Auto Transmis- 
sion, Marvel-Schebler Div., Borg- 
Warner Corp., Decatur, Ill. He was 
with International Rolling Mill Pro- 
duction Corp., Dolton, ILL. 


Harmon C. Ray is now special field 
engineer, Island Creek Coal Sales 
Co., Cleveland. Mr. Ray was with 
Cleveland-Cliffs Iron Co., Cleveland. 


R. W. Whitney, M. A. Hanna Co., 
Hibbing, Minn., is moving to the 
company’s office in Cleveland, where 
he will be general manager of mines. 
Mr. Whitney joined the company in 
1946 as manager of the Minnesota 


Div. Prior to that he was with Butler 
Bros. on the Mesabi Iron Range. 


Matthew P. Nackowski has resigned 
as associate professor of geology, 
Geology Dept., Missouri School of 
Mines, Rolla. Mr. Nackowski has ac- 
cepted an appointment as associate 
professor of mining geology, Dept. 
of Mining and Geological Engineer- 
ing, Univ. of Utah, Salt Lake City 


Philip R. Hammond, acting manager, 
Hercules Powder Co., Pittsburgh 
office, has been appointed assistant 
sales manager and transferred to the 
Wilmington office. Thomas E. Brown, 
manager of the Hazelton, Pa., sales 
office, has been appointed manager 
of the Pittsburgh office. 


HARDINGE SCRUBBERS 


Large diameter, short 
length trunnions permit 
chute feeding of unsized 
ore and rock at rates up to 
600 tons per hour. 

The mass loading and ball- 


View of a 10’ x 66” 
Hardinge Scrubber 
cleaning crushed 
dolomite in a 


California plant. 


Bulletin 37-A-2 


mill action in the scrubber 
quickly and completely 
slurries the clay and dirt, 
permitting ready separation 
on washing screens or 
trom mels. 


HARDINGE 


COMPANY, 


YORK. PENNSYLVANIA - 


MO ArchSt * 


INCORPORATED. 


Main Olfice and Works 


New York + Toronte + Chicage + Hibbing + Houston + Sali Lake City + San Prancisce 
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Do a better job than hand work at a frac- 
tion of the time and cost. Stearns-Roger 
timber framers cut true-to-line and “out of 
wind” without regard to straightness of log, 


round or square. Cut complete tenon in two 
quick passes. 


Available in single or double end models, 
with direct electric drive. Also for belt drive. 
Complete with carriages, turntables, trolleys, 
etc., as layout requires. Capacities: length, 
1” to 10”; 3’ to 8’ between shoulders; tenon 
thickness, 3” to 18”. 


SEND US YOUR REQUIREMENTS. 


4 TAKE IT 


| 
S-NOS 


~ 
THE STEARNS 8206 Wr 


COLORADGC 


DENVER «+ SALT LAKE TY * HOUSTON «+ EL PASO 
STEARNS-ROGER ENGINEERING COMPANY, LTD., CALGARY 
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W. J. CHERONES 


W. J. Cherones was appointed to the 
newly created position of manager 
of electrical engineering at Harn- 
ischfeger Corp., Milwaukee. A mem- 
ber of the firm since 1945, Mr. 
Cherones has been chief engineer, 
electrical applications division, since 
1950. He is a graduate of the Uni- 
versity of Illinois and a member of 
AIEE and the Wisconsin Society of 
Professional Engineers. 


R. B. Fuller has been appointed spe- 
cial consultant to the Phosphate 
Minerals Div., International Miner- 
als & Chemical Corp. Mr. Fuller has 
been associated with International 
for nearly 30 years. Since 1953 he 
has been assistant to the vice presi- 
dent in charge of the Phosphate 
Minerals Div. Prior to that he was 
manager of the Florida Phosphate 
Dept. In 1951 Mr. Fuller received an 
honorary degree of doctor of laws 
from Florida Southern College. He is 
a director of Florida Power Corp., 
the First State Bank of Lakeland, 
Fla., and the Bank of Mulberry, Fla. 


Allen D. Look, chief, Arizona Section 
Accident Prevention Branch, U. S. 
Bureau of Mines, Phoenix, Ariz., is 
now district supervisor, Accident 
Prevention and Health, USBM, 
Duluth. 


Sherman A. White and Floyd E. Al- 
bertson have been appointed assistant 
general managers, Nickel Processing 
Corp. (a subsidiary of National Lead 
Co.) in Nicaro, Cuba. Mr. White 
joined National Lead in 1948 and 
went to Cuba as general superin- 
tendent of mines for Nickel Process- 
ing Corp. in 1953. Mr. Albertson came 
to National Lead in 1953 as assistant 
mill superintendent at the company’s 
MacIntyre Development, Tahawus, 
N. Y. Prior to that he was mill su- 
perintendent for Cia. Minera de 
Oruro in Bolivia. 


D. J. Ottley, general mill foreman, 
Cerro de Pasco Corp., Morococha, 
Peru, is now general foreman in 
charge of the company’s new pilot 
plant in Cerro de Pasco. 


FRAME TENONS . | 
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W. B. STEPHENSON 


Wm. B. Stephenson has been elected 
president of The Allen-Sherman-Hoff 
Pump Co., succeeding Homer E. 
Allen, who will serve as chairman of 
the board of directors. Well known 
in the mining field, in the U. S. and 
abroad, as an authority on the pump- 
ing of abrasives and corrosives. Mr. 
Stephenson has been identified with 
the company since his graduation 
from Pennsylvania State University 


AIME, Mr. Stephenson is 1956 Pro- 
gram Chairman for MBD. 

Mr. Stephenson is succeeded as 
vice president by Fred 8S. Stow, who 
will continue as chief engineer 
Donald G. Ashe has been named 
assistant sales manager of the home 
office in Wynnewood, Pa. Wm. M. 
Walters is central district sales man- 
ager with headquarters at the com- 
pany’s Chicago office, and Robert M. 
Jensen has been placed in charge of 
the company’s New York office. 


the partnership which recently sold 
the Hotel Nicollet in Minneapolis for 
$4 million 


HAROLD B. EWOLDT 


Harold B. Ewoldt has been appointed 
assistant to the president for mining 
matters at Cerro de Pasco Corp., 
N. Y. Prior to joining the company, 
Mr. Ewoldt served as vice president 
of Copper Range Co. and as manager 
of the zinc division of Calumet & 


Hecla Inc. After graduation from 

South Dakota School of Mines in 
EDWIN SWEETMAN 1930, he joined the VU. S. Dept. of 
Agriculture as a mineral examiner 
for the Forestry Service, and later 
worked at USBM 


in 1933. It was while he was vice 
president that the series of inter- 
changeable Hydroseal and Centriseal 
rubber-lined slurry pumps were in- 


Edwin Sweetman, mining engineer 
troduced. An active member of 


of Green Bay, Wisc., is a member of 


Over 
Half Century 
Experience in 


Exploration and Development 
Diamond Core Drilling 
Rock Breaking - Grouting 
Shaft Sinking 
Mining — Quarrying 
and Tunnel Driving 


Tyler Screen Sections 
for All Makes 
of Screening Machines! 


Screen sections of Tyler Woven Wire are fabri- 
cated for all makes of vibrating screens in any 
mesh or metal. They are made up with hook-strip 

or bent-edge construction to suit the machine on 
which they are to be 


Tyler rugged, accurately-a hook-str 
make possible stretching and maintaining 
screens at drum-head tension, which is essential for 
successtul screening and long screen life. 


Full details on request 


}ovies ros. 


DRILLING COMPANY 


THE W. S. TYLER COMPANY 
CLEVELAND 14, OHIO 
Seanataetimens of Woven Wire Screens and Screening Machinery 


Telephone $26 
CRestwoed 45331 
Canadian Plant —St. Catharines, Ontario, Caneda 
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OBITUARIES 


Rev. James B, Macelwane, 8.J. 
An Appreciation by 
Fred J. Meek 

Rev. James B, Macelwane (Mem- 
ber 1937), Father Macelwane to his 
many friends in the Institute, was 
born on a farm near Port Clinton, 
Ohio, Sept. 28, 1883. His early years 
were those of a midwestern farm 
boy, followed by attendance at St. 
John's College High School in Toledo; 
St. Stamislaws branch of John Car- 
roll University, Cleveland; St Louis 
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University; University of California; 
and study at the University of Gies- 
sen in Germany. His degrees in- 
clude: A.M. MS. Ph.D. Sc.D., 
(HON.), LL.D. (HON.). 

He started his university teaching 
career at St. Louis University in 
1912, where he spent the greatest 
part of his life, with interludes of 
three years as assistant professor of 
physics at the University of Califor- 
nia, foreign study and technical mis- 
sions. At the University of Califor- 
nia he organized graduate study in 
geophysics and had charge of the 
university seismograph, as well as 


that of Lick Observatory on Mt. 


Hamilton near San Jose, Calif. 


e OSMOSALTS 
OSMOPLASTIC 
eM-T-M 


«++ are the MINE PROVEN 
WOOD PRESERVATIVES 
that can do it! 


By using OSMOSE Treated Mine Tim- 
bers in all permanent places you can cut 
your annual timbering bill in half. Be- 
cause OSMOSE Treated Timbers are 
scientifically treated to resist all decay 
and wood destroying insects .. . they 
LAST 3 to 5 TIMES LONGER. You 
save NOT ONLY timber cost but the 
labor cost, too! 


There are three ways for you to cut 
your timbering costs in half: (1) We 
can supply you with Osmosalrs, Osmo- 
plastic or M-T-M (Mine Timber Mix), 
and you can TREAT YOUR OWN 
TIMBER, (2) We can sell you ALL 
TYPES of Osmose Treated Mine Tim- 
bers direct from one of our mills, or 
(3) We can custom-treat your timber. 
Whichever method you select, you get 
BIG SAVINGS! Write for complete 
details! 


Sead for WMustrated Booklet 
“Force Down Your Operating Cost” is a 
16-page book that shows and tells all about 
the Osmosalts treatment. Write for it today! 


OSMOSE WOOD PRESERVING CO. 
OF AMERICA, INC. 


TOWER #2, CONTINENTAL O11 BLDG. 
DENVER, COLORADO 


Main Office: 980 ELLICOTY STREET 
BUFFALO 9, Y. 


Returning to St. Louis University, 
he became professor of geophysics 
and director of the new dept. of 
geophysics, the first such department 
in the western hemisphere. He was 
further honored by the office of dean 
of the Graduate School, followed by 
appointment as dean of the Institute 
of Geophysical Technology, now 
broadened into the Institute of Tech- 
nology, St. Louis University. His re- 
ports to the press on earthquake re- 
cordings over mary years, made his 
name familiar to all in St. Louis. 

Father Macelwane was a man 
willing to take responsibilities and 
to serve every worthwhile cause. 
Though known to most of us by his 
scientific endeavors, he was a fine 
example to mankind of the Jesuit 
Order which he entered in 1903, be- 
coming ordained as a priest in 1918. 
He had a quality of friendliness and 
good humor that made even those of 
us of the Protestant faith feel equally 
of a spirit with him and proud to 
have his companionship. The St. 
Louis Section knew it could depend 
on his faithful attendance, coop- 
eration on any occasion of need and 
his maintenance of a strong student 
chapter year in and year out. 

That he was likewise appreciated 
by his fellow townsmen was illus- 
trated when more than a thousand 
people called to congratulate him re- 
cently, on the occasion of his com- 
pletion of 50 years in the Society of 
Jesus. He was a prolific writer and 
had taken a leading part in the con- 
duct of affairs in scientific societies 
too numerous to mention, accepting 
on occasion commissions of contact 
and cooperation with many foreign 
scientific conclaves and events. 

Father Macelwane’s final illness 
and death on Feb. 15, 1956, occurred 
as he was about to be honored for his 
achievements, with the privilege of 
presenting the Jackling Lecture for 
the AIME Mining, Geology, and Geo- 
physics Div. at the Annual Meeting, 
an honor he appreciated greatly. His 
absence from AIME councils, both 
local and national, will be a great 
loss and his friendship sorely missed. 


Necrology 
Date of 

Name Death 
1992 Walter D. Abel Aug. 17, 1955 
1905 Arthur Howe Carpenter Mar 20, 1956 
1899 T. R. Drummond Feb. 28, 1956 
1900 Daniel C. Jackling 13, 1956 
1950 Harry E. Kamprath 15, 1956 
1920 H. 8S. Lyne 24, 1956 
1912 Arthur G. McKee 19, 1956 
1931 H.C. Miller 18, 1955 
1955 William F. Mosier 26, 1955 
1913 Russell B. Paul Mar. 5, 1956 
1954 Hollis P. Sawyer Unknown 
1953 Frank W. Stedman Oct 6, 1955 
1941 Watson Storey October 1955 
1952 William R. Stout Mar. 10, 1956 
1955 Ross M. Stuntz, Jr Jan. 18, 19656 
1952 Allan Richard Volmar July 16, 1955 
1910 Thor Warner Jan. 20, 1956 
1948 David M. Wright Mar. 11, 1956 
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Charles W. Merrill 
An Appreciation by 
Herbert S. Shuey 


Charles W. Merrill (Legion of 
Honor Member 1892), internationally 
known San Francisco metallurgical 
engineer, died Feb. 6, in Honolulu. 

Mr. Merrill, holder of the James 
Douglas Medal of the AIME and a 
former regent of the University of 
California, his alma mater, was in 
the midst of one of his frequent 
visits to Hawaii, and had been ill 
only three days. He was 86. 

Born in Concord, New Hampshire, 
Dec. 21, 1869, Mr. Merrill was 
brought to San Francisco as an in- 
fant by his parents; and, although 
his work in the metallurgical field 
took him over the globe, he had 
maintained residence in the San 
Francisco Bay Area all his life. 

A graduate of the University of 
California with the class of 1891, he 
immediately entered upon the career 
which was to bring him international 
fame for his development, design, in- 
stallation, and operation of numerous 
gold extraction plants in the U. S., 
Canada, and Mexico. These plants 
were based on his own patents in- 
volving various processes for the re- 
covery of gold from complex ores. 
At various times Mr. Merrill held 
more than 25 patents on metallurgi- 
cal processes and their application, 
many of which proved so successful 
as to be ultimately adopted by most 
of the large gold and silver mines 
throughout the world. 

Upon graduation from college, Mr. 
Merrill spent a short time as assist- 
ant to Dr. George B. Becker, Chief of 
the U. S. Geological Survey. Later 
that year (1891) he met and went to 
work for the eminent metallurgist, 
Alexis Janin, whose brother—the 
mining engineer Louis Janin—intro- 
duced him to another mining engi- 
neer—Herbert Hoover. Mr. Merrill 
spent three years with Alexis Janin 
in San Francisco, working in the lab- 
oratory on metallurgical problems. 

Having prepared his graduation 
thesis on the cyanide process for re- 
covering gold from its ores, Mr. Mer- 
rill was anxious to install a plant 
for commercial application; and, 
after leaving the employ of Alexis 
Janin, struck out for himself. He 
went to Bodie, Calif., and, after 
studying the tailings of the Standard 
Consolidated Mine there, proposed 
to its superintendent, Mr. Thomas H. 
Leggett, the erection of an experi- 
mental plant. Mr. Leggett agreed, 
and the plant proved successful. 

Mr. Merrill then spent about two 
years at the rich Harqua Hala Mine 
in Arizona. There he persuaded its 
superintendent, Robert M. Raymond, 
to let him install a cyanide plant, 
which likewise proved successful. 

Shortly after completing this proj- 
ect, Mr. Merrill met two mining 
engineer friends—Messrs. Warten- 
weiler and Bratnober—who told him 
of the operations of the Montana 


Mining Co. at Marysville, Mont. Mr. 
Merrill went there and induced its 
manager, A. T. Bayliss, to install an 
experimental plant. When this plant 
had demonstrated that the mine's 
tailings could be profitably re- 
worked, a large operating plant was 
installed, of which Mr. Merrill had 
charge as resident engineer, continu- 
ing as consultant for several years. 

In 1898 Mr. Merrill, after extended 
study of the operations of the famed 
Homestake Mine at Lead, S. D., en- 
tered into a contract with Homestake 
Mining Co. to install a cyanide plant 
for recovery of gold from tailings, 
and spent ten years in directing this 
highly successful operation—an op- 
eration which resulted in recovering 
$2000 worth of gold per day which 
previously had been going to waste 
in the slimes. It was the success of 
this large operation which first 
brought Mr. Merrill worldwide rec- 
ognition and acclaim. 

After his ten years at Homestake, 
Mr. Merrill returned to San Fran- 
cisco and established his office there. 
This was in 1908. Two years later, he 
organized The Merrill Co., to make 
his processes, methods, and equip- 
ment available on a world basis. 
Later, he organized a number of 
subsidiary companies to handle the 
manufacture and distribution of 
various technical equipment and 
products developed by himself or his 
associates. He was active in these 
companies for many years, and was 
board chairman of The Merrill Co. 
at the time of his death 

In the field of public service Mr. 
Merrill was active nationally and 
locally. During World War I, at the 
request of his lifelong friend Herbert 
Hoover, Sr., he accepted assignment 
in Washington as Chief of the Div. 
of Collateral Commodities in the 
Food Administration, serving in that 
capacity until the end of the war. 
During World War II his various en- 
terprises were called upon by the 
Armed Services to extend and vary 
their endeavors and processes as 
their part in aiding the war effort. 

Mr. Merrill was a vice president of 
the AIME in 1924, and in that year 
was awarded the Institute’s James 
Douglas Medal for “distinguished in- 
ternational metallurgical achieve- 
ment.” In 1924 and 1925 he was a 
member of the Board of Regents of 
the University of California, serving 
also as president of the Alumni Assn. 
In the city of San Francisco he 
served as chairman of the Commu- 
nity Chest from 1925 to 1927, and 
later was chairman of the California 
State Mining Board and the Minerals 
Committee of the State Chamber of 
Commerce. 


In 1940 Mr. Merrill won an award 
from the NAM for “distinguished 
achievement in the field of science 
and invention, which has advanced 
the American standard of living.” In 
recent years he held various posts 
with the U. S. Bureau of Mines. 


Mr. Merrill was a member of the 
University, Engineers,’ Pacific Union, 
and Commonwealth Clubs of San 
Francisco; the Mining and Metallur- 
gical Society of London; the Aus- 
tralasian Institute of Mining Engi- 
neers; and the Chemical Metallurgi- 
cal, and Mining Soc. of S. Africa. 


Joseph H. Hedges (Member 1907) 
died Dec. 1, 1955 in Washington, 
D. C., after a short illness. Before he 
retired in 1955, Mr. Hedges was staff 
adviser to the Division of Minerals, 
USBM, Washington, D. C. He was 
born in Lansing, Mich., in 1882, and 
received a degree in mechanical 
engineering from Michigan State 
College, and in mining engineering 
from the Michigan College of Mining 
and Technology. Before joining the 
USBM in 1926 Mr. Hedges worked 
for several mining companies in the 
U. S., Canada, and Mexico. From 
1926 to 1940 he was special assistant 
to the director USBM in Washington, 
D. C. He then transferred to College 
Park, Md., as chief of the Eastern 
Strategic Minerals Section. In 1952 
he became chief of the Tucson, Ariz., 
branch of the Mining Division, and 
took charge of all USBM mineral 
investigations in Arizona, New Mex- 
ico, and Texas. Later he was super- 
intendent, Southeast Experiment 
Station, Tucson. From 1943 to 1945 
Mr. Hedges supervised work on the 
San Manuel copper project, Pinal 
County, Ariz. He was recalled to 
Washington in 1949 as chief of the 
USBM Minerals Division, and in 
1952 became a special assistant to the 
director. In 1953 he received the Dis- 
tinguished Service Award, the In- 
terior Dept.’s highest honor. Mr 
Hedges was the author of many 
USBM publications on mining and 
minerals technology. 


Clare Edwin Nighman (Member 
1911) died Jan. 11, 1956, after a long 
illness. Mr. Nighman was chief, 
European Div., Foreign Minerals 
Region, USBM, before retiring in 
1953. At that time he was awarded 
the Dept. of Interior Silver Medal 
for meritorious service. He was born 
in Canton, Ohio, in 1887. Mr. Nigh- 
man graduated from Columbia Uni 
versity in 1909 with a B.S. in geology 
and mining. Later he returned to 
Columbia University and received a 
degree in mining engineering. From 
1909 to 1924 Mr. Nighman worked 
for several mining companies. He 
then went to The Anaconda Co. at 
Butte, Mont., and later was trans- 
ferred to Idaho in charge of the de- 
velopment of phosphate rock pro- 
duction. Mr. Nighman also worked 
for Anaconda in Poland as manager 
of coal mining operations. He re- 
turned to the VU. S. in 1934 and 
became a consulting engineer. Mr 
Nighman entered Government serv- 
ice in 1938 as a consultant to the 
Work Progress Administration, and 
transferred to the USBM in 1940 
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George W. Bryant 


An Appreciation by 
Alvin Carpenter 


George W. Bryant (Legion of 
Honor Member 1904) died in Los 
Angeles Dec. 5, 1955, after a gradual 
loss of physical strength during a 
period of several months. He was 92 
years of age. Mr. Bryant became a 
Life Member of AIME in 1905 

Despite the fact that he had been 
totally blind during the last eight 
years of his life, he never appeared 
depressed, was always patient and 
cheerful, with an alert mind and a 
keen interest in the world of mining 
and metallurgy. Through radio and 
recordings, he kept abreast of the 
times and took part in discussions 
of developments in the mining field. 

Born in Boston, Mr. Bryant went 
to Mexico in his early twenties as an 
accountant with one of the early 
English companies that had at- 
tempted a revival of the old Spanish 
mines of that country and had prop- 
erties in the state of Guanajuato. At 
that time the company had weathered 
a long period of revolutions and was 
badly outdated in its mining and 
milling methods, It did not long sur- 
vive the turn of the century, but in 
the meantime Mr. Bryant had, in 
his 12 years of experience with the 
company, arrived at the position of 
manager of several of the company’s 
mines. He had acquired a wide ex- 
perience and insight into mining and 
the mining possibilities of the area, 
the extent and character of the ores, 
as well as the ownership and titles 
of the mining properties. All of this 
was to prove of value in the years 
immediately following. 

It was at this time that a new 
era dawned on Mexico for its lan- 
guishing mining industry. The grind- 
ing of ore in Chile mills and with 
arrastres was being replaced with 
stamp mills and ball mills; the old 
patio process and panamalgamation 
was being succeeded by the cyanide 
process 

Mr. Bryant's systematic and care- 
ful correlation of engineering data 
was of the highest order. There was 
no one more liked and respected by 
financiers, investors, and engineers. 


George Arnold Parker (Member 
1946) died Oct. 26, 1955. Mr. Parker 
was manager, Hercules Powder Co., 
Pittsburgh. He was born in New 
Castle, Ala., in 1904, and graduated 
from Alabama Polytechnic Institute 
with a BS. degree in 1927. Mr. 
Parker then joined Birmingham 
Electric Co. as a junior engineer, and 
later became assistant station master 
From 1929 to 1935 he worked for 
New Castle Co., and was with the 
TVA Safety Dept. for a year. He 
joined the Engineering Dept., Her- 
cules Powder Co. in 1936 
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Harry Erhard Kamprath (Member 
1934) died Mar. 15, 1956. He was as- 
sistant milling engineer, American 
Smelting & Refining Co., Salt Lake 
City. Born in Freiberg, Saxony, Ger- 
many, in 1902, Mr. Kamprath re- 
ceived his degree of Mining Engineer 
at the Freiberg School of Mines in 
1927. Early in 1930, as winner of an 
all-European scholarship he was 
granted a fellowship at Montana 
School of Mines where he received 
his M.S. in metallurgical engineering 
in 1931. From 1931 to 1936 he worked 
as mine and mill superintendent for 
Glengarry Mining Co. in Cooke, 
Mont., and as metallurgical engineer 
with Montana Consolidated Mines 
Corp. In 1937 he returned to Ger- 
many for 12 years, working as min- 
ing and metallurgical engineer with 
various companies, and finally with 
the U. S. Army Corps in Frankfurt. 
From December 1949 to December 
1952 Mr. Kamprath was mill super- 
intendent of the Paragsha concen- 
trator for Cerro de Pasco Corp. at 
Cerro de Pasco, Peru. He then re- 
turned to the U. S. where he became 
associated with American Smelting 
& Refining Co. 


Harold V. Trask (Member 1951) died 
at Lakeside Hospital, Cleveland, on 
Dec. 23, 1955. Mr. Trask was chief 
metallurgist, Cleveland-Cliffs Llron 
Co,, Cleveland office. Born in John- 
ston, N. D., in 1915, he graduated 
from the University of North Da- 
kota in 1937 with a B.S. Mr. Trask 
held a research fellowship at the 
University of Utah and received an 
M.S. in 1938. He was employed as a 
mining engineer at Mountain City 
Copper Co. of Utah, and in 1940 be- 
came a metallurgical engineer at 
Talache Mines Inc. of Utah. Among 
the companies in the iron and steel 
and allied industries with which Mr. 
Trask was associated were Butler 
Brothers, Minn., and Buel Metals 
Co., where he was manager. From 
1950 to 1952, Mr. Trask was affiliated 
with Oglebay, Norton Co., assigned 
as a technical advisor to Armco 
Steel Corp., Ashland, Ky. He joined 
Cleveland-Cliffs as a metallurgist in 
1952. Mr. Trask was a member of 
the program committee, AIME Com- 
mittee on Blast Furnace, Coke Oven, 
and Raw Materials 


Archimedes B. Woodward, Jr. (Mem- 
ber 1944) died Nov. 13, 1955. Mr. 
Woodward was a consulting engi- 
neer and partner in the New Mexico 
Engineering Co., Albuquerque, N. M. 
He was born in San Francisco in 
1904. After attending the University 
of California, he worked for United 
Verde Copper Co. In 1929 he re- 
turned to the university as an engi- 
neer, surveyor, and draftsman in the 
Engineers office. Mr. Woodward then 
spent several years working in var- 
ious mines in the U. S. He joined 
New Mexico Engineering Co. in 1952. 


Robert Emmett Dye (Member 1915) 
died Nov. 15, 1955 at his home in 
San Antonio, Texas. Mr. Dye was 
born in South Dakota in 1888. He 
graduated from the Missouri School 
of Mines, Rolla, with a B.S., and re- 
ceived an E.M. from the university 
some years later. In 1912 Mr. Dye 
went to Canada and worked for Buf- 
falo Mines Ltd., Cobalt. Later he was 
transferred to the company’s Teck- 
Hughes mine, Kirkland Lake, as mill 
superintendent. In 1919 Mr. Dye re- 
turned to Cobalt to take charge of 
the Northern Customs Concentrator 
and other operations. From 1923 to 
1934 he was with Vipond Consoli- 
dated Mines Ltd., Timmins. He then 
went to Dome Mines Ltd., South 
Porcupine, as mine superintendent, 
becoming vice president and general 
manager in 1945. Mr. Dye retired 
in 1953, but was retained as vice 
president and consultant. He had 
been a member of the Canadian In- 
stitute of Mining and Metallurgy 
since 1916 and served as a vice 
president of the CIM in 1941-1942. 
Mr. Dye was also a past-president of 
the Ontario Mining Assn. 


Ernest Russell Dickie (Member 1945) 
died Dec. 14, 1955. Mr. Dickie was 
treasurer and general manager, Bag- 
dad Copper Corp., Bagdad, Ariz. He 
was born in Independence, Colo., in 
1902. Mr. Dickie began work as a 
truck driver for United Eastern Min- 
ing Co., Oatman, Ariz., and later for 
Topock Oil Co. From 1924 to 1931 he 
was with United Verde Copper Co., 
Jerome, Ariz., as miner and me- 
chanic. Mr. Dickie then joined East 
Vulture Mining Co., Wickenburg, 
Ariz., as general superintendent and 
master mechanic, and became presi- 
dent and general manager of the 
company in 1936. He had been gen- 
eral manager of the Bagdad Copper 
Corp. for many years. 


Cecil H. Brehaut (Member 1955) 
died Jan. 14, 1956 in Montreal, after 
being struck by a car while crossing 
a street. Mr. Brehaut was operating 
engineer, Canadian Johns-Manville 
Co., Asbestos, Que. He was born at 
Guernsey Cove, Prince Edward Is- 
land, Nova Scotia, in 1901. After 
graduating from Nova Scotia Tech- 
nical College with a B.S. in mining 
engineering, Mr. Brehaut joined 
Granby Consolidated Mining & 
Smelting Co., Anyox, B.C., in 1930 
From 1935 to 1937 he was with Seal 
Harbour Gold Mines in Nova Scotia. 
Mr. Brehaut then returned to the 
Granby Co. as chief engineer at Cop- 
per Mountain, B.C. In 1944 he went 
to Beattie Gold Mines at Duparquet, 
Que., and later worked for Lamaque 
Gold Mines Ltd. at Bourlamaque. He 
joined the Canadian Johns-Manville 
Co. in 1947. Mr. Brehaut was a mem- 
ber of the CIM and served as secre- 
tary of Sherbrooke Branch in 1953. 


Arthur Howe Carpenter 


An Appreciation by 
Malcolm H. Carpenter 


Arthur Howe Carpenter (Legion 
of Honor Member 1905) died Mar. 
20, 1956 in Middleport, Ohio, after an 
extended illness 

Born in Georgetown, Colo., Oct. 19, 
1877, Mr. Carpenter received his B.A. 
and M.A. (1914) from Ohio Univer- 
sity. He also studied at Northwestern 
University. Among the various posi- 
tions he held in the field of metal- 
lurgy were: assayer, chemist, pros- 
pector, executive, and partner, dur- 
ing the early 1900’s in the West. 
From 1920-28 he was assistant pro- 
fessor of metallurgy at the Illinois 
Institute of Technology, Chicago, 
where he later became associate pro- 
fessor and head of the metallurgy 
div., and in 1944, professor emeritus. 
He also lectured at the Institute on 
geology, astronomy, and meteorology. 

To Mr. Carpenter’s credit is the in- 
vention of a process for covering 
pipe with lead. An astronomer, he 
manufactured the telescope used by 
Elgin Observatory for the Areturus 
Ceremony at the Century of Prog- 
ress Exposition in Chicago, 1933-1934. 
The telescope, made as a memorial 
to his father, Dr. Franklin Carpenter 
and also dedicated to Mrs. Carpen- 
ter’s father, D. J. Evans, was later 
presented to Ohio University. 

Listed in Who’s Who in America, 
1954-1955, Mr. Carpenter was associ- 
ated with many companies includ- 
ing: Clear Creek Mining & Reduc- 
tion Co., Golden, Colo., where he was 
superintendent from 1901 to 1903; 
Takilma Mining & Smelting Co., 
Takilma, Ore., as general manager; 
and American Smelting & Refining 
Co., Denver, as chief chemist. 

He was a member of the Illinois 
Academy of Science, Chicago As- 
tronomy Society, ASTM, AAAS, Phi 
Lambda Upsilon, Alpha Chi Sigma, 
Pi Gamma Mu, Sons of the American 
Revolution, and the Masons. Surviv- 
ing are his wife; two daughters, Mrs. 
Dutton, and Mrs. S. L. McCarthy; 
one son, Franklin; three grandchil- 
dren; three brothers; and a sister. 


George Harold Anderson 


An Appreciation by 
J. L. Gillson 


George Harold Anderson (Mem- 
ber 1939), who was born in Elko, 
Nev., on Nov. 21, 1893, passed away 
in New York Feb. 16, 1956. He took 
his A.B. and A.M. degrees at Stan- 
ford University in 1917 and 1920, re- 
spectively, later studied at Harvard 
and at the University of Colorado, 
and received his Doctor's degree in 
geology from the California Institute 
of Technology in 1933. Upon gradua- 
tion from Stanford he was elected to 
Sigma Xi and Phi Beta Kappa 

Dr. Anderson, who was intensely 
interested in the problems of graniti- 
zation, wrote his doctor's thesis on 
such phenomena in the northern 
Inyo range of California. This thesis 


was published in the Bulletin of the 
Geological Society of America, vol. 
48, pp. 1-74, 1937 

However, Dr. Anderson's active 
mind later turned to more commer- 
cial matters. For three years, he was 
in charge of exploration for titanium 
ores in the San Gabriel mountains, 
north of Los Angeles, for the du 
Pont de Nemours Co., and then he 
joined the staff of the Texas Power 
& Light Co. at Dallas. That company 
had devoted their energies to de- 
veloping the natural resources of 
Texas and especially to starting a 
blast furnace and steel plant to sup- 
ply steel for the growing oil industry 
of the state. 

Dr. Anderson was in charge of the 
development of the east Texas iron 
ore fields which had been examined 
and condemned by a generation of 
earlier geologists. He lived to see the 
establishment of a great steel indus- 
try based on those ore deposits. 

During the Second World War, he 
spent a great deal of time and effort 
in attempting to get the War Pro- 
duction Board to permit this steel 
development. After the war, the 
management of the Texas Power & 
Light Co. saw that the great supplies 
of natural gas in the state were not 
sufficient for the long range future of 
Texas expansion. Dr. Anderson initi- 
ated an investigation that led the 
Aluminum Co. of America to build 
their smelter at Rockdale, Texas, 
using lignite as fuel. 

His achievements for the Texas 
Power & Light Co. resulted in his 
appointment as assistant to the pres- 
ident, in which capacity he com- 
manded the respect and love of his 
associates. During his later years, 
Dr. Anderson devoted much of his 
time to bringing other major indus- 
tries to Texas. The native of Nevada 
became an enthusiastic Texan. 

He was a Fellow of the Geological 
Society of America, the Mineralogi- 
cal Society of America, and a mem- 
ber of the Society of Economic Ge- 
ologists, American Assn. of Petro- 
leum Geologists, and AIME. 

Dr. Anderson is survived by his 
wife and three children, two of 
whom are doctors of medicine. 


Royal Sheppard Handy (Member 
1916) died Dec. 24, 1955. Mr. Handy 
was a consulting metallurgist at 
Santa Rosa, Calif. He was born in 
Loveland, Colo., in 1880. After at- 
tending the University of California, 
he joined Red Boy Consolidated 
Mining Co., Granite, Ore., as assayer, 
bookkeeper, and surveyor. Later he 
was smelter representative and yard 
foreman at The Bunker Hill Co., be- 
coming mill superintendent in 1909 


MEMBERSHIP 


Proposed for Membership 
Mining Branch, AIME 
Total AIME membership on Dec, 31, 1955 
was 23,723, in addition 2825 Student Asso- 
clates were enrolled 
ADMISSIONS COMMITTEE 

R. B. Caples, Chairman; F. A. Ayer, Vice- 
Chairman; A. ¢ Brinker, R. H. Diekson, C 
R. Dodson, R. B. Fulton, T. D. Jones, F. W 
Hanson, Sidney Rolle, F. T. Sisco, O. B. J 
Fraser, F MeQuiston, Jr., A. R. Lytle, 
L. P. Warriner 

The Inetitute desires to extend its privt- 
leges to every person to whom tt can be of 
service, but does not desire as members per- 
sons who are unqualified, Institute members 
are urged to review thie as soon as 
sible and immediately to tnform the Secre- 
tary'’s office tf names of people are found 
who are known to be unqualified for AIME 


membership 


Members 
Richard C. Acker, Baltimore 
Donald C. Avord, Spokane, Wash 
Thomas J. Babson, Rancagua, Chile 
David R. Bailey, North Charleroi, Pa 
Lyman A. Bliss, New York, N. Y¥ 
Harold Bioom, Denver 
Haakon Braekken, Trondheim, Norway 
Jack J. Burke, West New York, N. J 
Robert C. Cahill, St. Paul 
Kuang ¥Y. Chang, Kaohsiumg, Taiwan, China 
Hou F. Chen, Taipei, Taiwan, China 
Robert J. Day, Bala Cynwyd, Pa 
George F. Dixon, Jr., Kansas City 
John C, Dumbrille, Toronto, Ont., Canada 
Jack L. Pletcher, Patterson, Idaho 
Jules F. A. Gevers, Elisabethville, Beigian 

Congo 

Alice J. Gitter, New York, N. ¥ 
Raiph B. Hammerstrom, Payson, Utah 
Hiser, Edgemont, 8. D 
W. T. Hudson, San Barardine, Calif 
Louis G. Imperato, Montrose, N. ¥ 
Owen L. James, Managua, Nicaragua 
Jimmie BE. Jinks, Jr., Grand Junction, Cole 
John 8. Longo, Peekskill, N. ¥ 
William H. Lykken, Minneapolis 
George P. Mahood, Coopersburgh, Pa 
Angel L.. Matias, Baquic, P.1 
William N. McAnulty, Lake Jackson, Texas 
Gordon A. McMillan, Heber, Utah 
Cedric E. McWhorter, Chicago 
Howard 8. Oster, Ashland, W. Va 
Robert N. Pulliam, Alpine, Texas 
Robert M. Reininger, Garden City, N. ¥ 
Dwight L. Sawyer, Jr., Trona, Calif 
Mark K. Shipman, Grand Junction, Colo 
Leonid Smirnow, Great Neck, N 
Bryan F. Sorensen, Denver 


The Efficient Way 
to Classify 
Va" X O Sizes 


The CONCENCO@, CPC Classifier produces simultaneously and continuously 
one to ten or more accurately classified spigot producte-as many as there 
are cells in the Classifier—-and a slime overfiow 
hydraulic water is easily regulated, sizing is sharp and maintenance cost ls 
exceptionally low. Send for full information and complete details 


THE DEISTER CONCENTRATOR CO. 
The Original Deister Co. Incorporated 1906 Fort Wayne, Ind. U.S. A. 


There are no moving parts 


923 Glasgow Ave. 
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George Stenning, Halifax, N. &., Canada 

John Stryker, Denver 

Gilbert W Thomas, “Otu Via Medellin, 

Colombia 

Charies B. Tillson, Jr., Crucible, Pa 

William J. Urban, Jackson Heights, N. Y. 

Cheng K. Wang, Yi-nan, Taiwan, China 

Chong-C. Wang, Hsin Chu, Taiwan, China 

Vurbel C. Wiggins, Nicosia, Cyprus 

Lex P. Wilkinson, Cedar City, Utah 

W. Arthur Young, Salt Lake City 
Associate Members 

Jack B. Bond, Hales Corner, Wis 

Thomas E. Carey, Garden City, N. ¥ 

Bernarr Clifton, Lakeland, Fla 

David H. Curry, Salt Lake City 

Charies W. Daniels, New York, N. Y 

Patrick A. Doheny, Beverly Hills, Calif 

Vernon C. Doversberger, Bay Village, Ohio 

William B. Fitzgeraid, St. Louis 

Joseph Gold, Brooklyn, N. 

Hobert J. Harper, Lakewood, Ohio 

Claude M. Hickman, Moab, Utah 

Bernice B. Higgins, Ajo, Ariz 

George A. Hoffmann, Negaunee, Mich 

James M. B. Keyser, Philadeiphia 

Albert P. Kibbee, Salt Lake City 

William W. Magnus, Burlington, Vt 

Robert J. Mattison, Jr., Salt Lake City 

Gordon B. Mills, Montreal, P.Q., Canada 

Hans J. Moser, Lima, Peru 

John F. Osborn, Piedmont, Calif 

Meredith E. Ostrom, Urbana, I) 

LeRoy J. Parrick, Atlanta, Ga 

Walter L. Price, Ajo, Ariz 

James E. Ringel, Wallace, Idaho 

Chester Rutkowski, Skokie, Lil 

Arthur H. Sorensen, Wallace, Idaho 

Arthur W. Todd, Shaker Heights, Ohio 

Frank Vanecek, Sao Paulo, Brazil 

Jesse L. Weddle, Ei Paso, Texas 

John H, Wilson, Hazleton, Pa. 

John B. Zunino, Ely, Nev 


Junior Members 
William E. Arndt, Miami, Okla. 
lan K. M. Chaston, Upper Perak, Malaya 
Kobert L. Clayton, Cedar City, Utah 
Kenneth W. Geiser, Syracuse, N. ¥ 
Philip O. Haddad, Lake Jackson, Texas 
Richard C. Lundin, Miami, Okla 
Peter D. R, Maltby, Salmo, British Columbia 
John G. Mitton, Cerro de Pasco, Peru 
Louis F. Monell, Fairmont, W. Va 
Maicoim M. Mouat, Gallup, N. M 
Anthony D. Nicolaou, Minneapolis 
Robert 8. Olson, Wainut Creek, Calif 
Warren O. Pladsen, Butte, Mont 
Antonio Y¥. N. Tanchuling, Norts, P. I 
John E. Teet, Franklin, N. J 
David J. Straw, Mashaba, Southern Rhodesia 
Joseph E. Worthington, Wallace, idaho 
CHANGE OF STATUS 
Associate to Member 
G. Aguilar, Jaurez, Mexico 
jam F. Betzler, Sr., Calumet, Minn 
vern P. Brown, Balmat, N. 
Francis X. Cannaday, Denver 
Richard K. Comann, Florence, Colo. 
John Fayerweather, Boston 
Harry J. Fitzgerald, Princeton, W. Va 
Kay W. Foote, Potrerillos, Chile 
William 8. Hannan, Jr., Austinville, Va 
Allen B. Hollett, Black Lake, P. @., Canada 
Alex Horlieck, New York, N. ¥ 
John W. Lamert, Paramaribo, Surinam 
Raiph J. Long, Clarkeville, Ark 
Peter V. Mancini, Fort Wayne, Ind 
Charlies A. Peek, Midland, Texas 
Ahmet Pekkan, Bahce, Turkey 
Raymond E. Petty, East Fultonham, Ohio 
John G. Roseo, Denver 
Henry U. Ross, Toronto, Ont., Canada 
Richard Strong, Crosby, Minn 
Neil A. Wintringham, Westfield, N. J 
Robert C, Whitehead, Whyalla, Australia 


Junior to Member 
Donald F. Anderson, Nye, Montana 
Charlies M. Cooley, Kansas City 
George M. Du Boulay, Otu via Medellin, 
Colombia 
REINSTATEMENTS 
Members 
J. Howard Heginbotham, Tel Aviv, Lerael 
James M. Schopf, Columbia, Ohio 
CHANGE OF STATUS 
Associate to Members 
Thomas B. Nolan, Washington, D. C 
Donald D. Smythe, San Francisco 
Junior to Member 
John L. Carlson, Bellefonte, Pa 
Edward L. Heller, Cleveland 
William R. MeCleliand, Ottowa, Ont., Canada 
Robert W. Price, Via Joral, Honduras 
John F. Sharp, Kimberly, Nev 
Boyd W. Venabel, Tucson, Ariz 
Student te Member 
Reginald A. Barker, Newcastle, N. B., Canada 
Robert Bloxham, Vanadium, N. M. 
James C. Bradbury, Urbana, Ill 
Robert F. Bruzewski, Minneapolis 
Raiph M. Dunkle, Homedale, Idaho 
James R. Dunn, Schenectady 
William V. Kuster, Wilmington, Del. 
Richard R. Tarrice, Palo Alto, Calif. 
win R. Tyler, Keewatin, Minn 
Student te Junior 
Floyd C. Bossard, Butte, Mont 
Thomas LL Sharps, Albuquerque, N. M 
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ADAIR, BAILEY & VAN HORN 
Consultants 
Geology Mining Ore Dressing 
221, Murphy, C. 
SIDNEY S$. ALDERMAN, JR. 
Consulting 
814 Newhouse 6 
Selt Lake City 11, Ut 
Telephone: Elgin 9-0976 


c. KEEGEL 
Mining and Metallurgical Engineers 


Administration 


Appraisal 


Specializing in Management and 


Consultation in 


Latin America 


1721 Se. 14th Las Vegas, Nevada 
Telephone DUdiey 4-6081 
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JAMES A. BARR 
Consulting Engineer 
Mt. Pleasant, Tennessee 


KELLOGG EXPLORATION COMPANY 
Geologists-Geophysicists 


Air, Ground Surveys 
3401 No. Marengo, 


and Interpretation 
Altadena, Calif. 


Sycamore 4-1973 


Philip J. Baukol wren: 


OFSIGHER OF PLANTS 
+ INDUSTRIAL + METALLURGICAL 


213! University Ave Berkeley 4 Colt 


KELLOGG KREBS 


Mineral Dressing Consultant 
564 Market St., San 4, Calif. 


BEHRE DOLBEAR & COMPANY 
Consulting Mining Engineers 
and Geologists 


il Broadway New York 4, N. ¥. 
—=—— 
BLANDFORD C. BURGESS 


Registered Professional E 
Mining Consultant 
Menticelle, Georgia 


Cowes & COMPANY, INC. 
ineers and Contractors 
"ine Piant Construction 
1-1 8th Street SW 
Birmingham, Alo Phone 56-5566 


RENE ENGEL 
Consulting Geologtst 
122? Blair Avense 
South Pasadena, California 
Telephone: ALbany 0012 


Consultont 
Mining Geology Petroleum Geology 
314 Brown 6 Wichita, Kansas 
Tel.: AMherst 2-8954 or MUrray 3-6437 


HOWARD M. FOWLER 
MINING ENGINEER 
P.Eng.: British Columbia & gy | 
408 Rogers Bidg. + Vancouver, B. C. 
Tatiow 0729 


Aircraft — Scintillometer equipped 


_ cowin 


Ap 
18th ‘Street Sw, 


Birminghom, Alc. 


Phone 56-5566 


LEDOUK & COMPANY 
ists Assoyers Spectr 
SHIPPERS REPRESENTATIVES 

Mine Examination Analyses 


359 Alfred Ave. 


Teaneck, New Jersey 


JOSEPH T. 


MATSON 


CONSULTING MINING ENGINEER 


Examinations 


P.O. Bex 176 


-Appraisals 


ations 
Santa Fe, New Mexico 


CLAYTON T. MeNEIL, E. M. 
Consulting Mining Engineer 
822 Bank of America Bidg. 

Tel. GArfeld 


SAN FRANCISCO 


4, CALIFORNIA 


ARNOLD MILLER 
Consulting Engineer 
Mine, Mill and Industrial Investigations 
Improvement Design and Recommendations 


Cable: “ALMIL’ 
120 Broadway 


Tel. Cortlandt 7-0625 


New York 5, N.Y. 


RODGERS 


PEALE 


Consulting Mining Geologist 
315 Mentgomery 
San Francisco 4, Calif. 


GEORGE A. HOCH 
Thin Section Technician 
Standard and Oriented Sections 
Unconsolidated Materials a Specialty 
Dept. ef Geology 
Franklin & Marshall College, Lancaster Pa. 


CARLTON D. HULIN 
Mining Geology 
7 Ardilla Read Orinda, California 


AMEDEE A. 


PEUGNET 


MINING ENGINEER 


Teleph 
705 Chestou 


one MAIN 1-143! 


St. Leuls 1, Me. 


LUCTUS PITKIN, INC. 
Mineralogists 
Assayers—Chemists—Spectroscopists 
Shippers’ Representatives 

47 FULTON ST.. NEW YORK 
Cable Address: Niktip 


GUY E. INGERSOLL 
Registered Professional Engineer 
in Texas, Arizona and New Mexico 
Mine Examinations and Geological —— 
5505 Timberwolf Drive Ei Paso, Texas 


JOUN R. 
Consulting 


RAND 
Geologist 


Mining and Engineering Geology 
482% Congress Street, Portiand, Maine 
Phone Spruce 4-260% 


C. PHILIP JENNEY 


Consulting Geologist 
372 Lok _ w 
Oakville 
Victor 4-9413 


PHILIP L. JONES 
Consultant 
Mineral Economics & Mineral Dressing 
Heavy Media Specialist 


405 Miners Bank Bid Joplin, Me. 


Tel. MAytalr 83-7161 


Consulting Ground-Water Engineer 
Stuttgart, Arkansas 


MILNOR ROBERTS 


Consulting 
ining Engineer 


The Pacific Northwest, 
British Columbia and Alaska 


4501 15th Ave., N.E. 


Seattle, Wash. 


WILLIAM J. SHEDWICK, JR. 


Mine and Geo 


logic Reports 


ond Latin America 
ersey License 2744-0 


Retorme 


Mexico 1, 0.F. 


RAPHAEL G. KAZMANN 


Mining Engineer 
Mine Examinations 
Ventilation Surveys 


Munsey Botiding 


Washington 4, D.C. 


LEO H. TIMMINS, P.Eng. 
MINING ENGINEER 
Examinations - Reports 
Financing of Prospects 


Suite 700 1980 Sherbrooke, Montreol 
Phone 


Glenview 2376 


GODFREY 8B. WALKER 
Metallurgical C 
Mineral Dressing & Extractive 
Heavy Media a Specialty 


GRAFF ENGINEERING 
COMPANY 
Mining Engineers and Surveyors 
39 E. Campbell St. Blairsville, Po. 


DIAMOND CORE DRILLING 
CONTRACTORS 
Testing Mineral Deposits 
Foundation Borings 
MOTT CORE DRILLING CO. 
Huntington, W. Vo. 


27 Lockwood Drive Old Greenwich, Conn. 


0. W. WALVOORD CO. 
Mill-Design and Construction 
401 High 8. Denver 3, Cole. 


CLIFFORD R. WILFLEY 
Consulting Mining Engineer 


ABBOT A. HANKS, Inc. 
ASSAYERS-CHEMISTS 
Shippers Representatives 


624 Sacramento Street 
SAN FRANCISCO 


2233 Grape 8t. Denver 7, Colorade 


HARRY J. WOLF 
Mining and Consulting Engineer 
Examinations—Valuations— Management 
One Park Place, New York 7, N.Y. 


Cable: MINEWOLF Tel: Rector 2-5307 


NEWELL G. ALFORD 
Consulting Mining Engineer 
Cool Property Prospecting 


ALLEN & GARCIA COMPANY 


42 Years’ Service to the 
Authoritative Reports and Appraisals 


i2@ WALL 8T., NEW YORK CITY 


Coal and Salt Industries as Consultants, 
Constructing Engineers and Managers 


332 8. MICHIGAN AVE., CHICAGO 


BALL ASSOCIATES 
Oil, Gas and Minerals Consultants 
las Ball Alon M. Bieber 
R. H. Fulton Wendell W. Fertig 
A. S. Wyner 


Offices: 
1025 Vermont Ave. C. A. Johnson Bidg. 
Washington, D.C. Denver 2, Colo 
STerling 3-1929 ALpine 5-4878 


HOPKINS EXPLORATION CONSULTANTS 
607-320 Bay St. Toronto 1 
EM. 4-5642 HU. 9-8375 
Brenches 
Algoma Mills and Timmins, Ont. 
Uranium City, Saskatchewan 


PENNSYLVANIA DRILLING 
COMPANY 
PITTSBURGH FA. 
DRILLING CONTRACTORS and 
MANUFACTURERS 
We prospect coal and mineral land 
nywhere in North and South America 

ore borings for foundation testing; 
dams, bridges, buildings, etc 


DIAMOND cone DRILLING 
BY CONTRACT 
and werld'’s y manufacterer 
Core and grout hole drilling in coal, 
metal, and non-metallic deposits, both 
surface and underground 
JOY MANUFACTURING CO. 
Contract Core Drill Division 
Michigan City, Indians 


KNOWLES ASSOCIATES 


Chemical - Metallurgica: Mecnanico: 
ENGINEERS 
URANIUM ORE PROCESSING 
ECONOMIC STUDIES - MILL DESIGN 
19 RECTOR ST. WEW YORK (6) WN. Y. 


PRODUCTION AND MANAGEMENT 
SPECIALIST 


ROGER V. PIERCE 
Underground Mining Methods, Cost 
Cutting Surveys—Production Analysis 
—Mine Mechanization—Mine Manage- 
ment 
808 Newhouse Bidg. Phene 55078 

Salt Lake City 4, Utah 


M. G. SMERCHANSKI 


Registered Engineer 


Examinations, Surveys 
& Deve 


411 Childs © 
Prone 5 


LEGGETTE, BRASHEARS & GRAHAM 
Consulting Ground-Water Geologists 


Water Supply Solt Water Problems 
Dewatering Investigations 
Recharging Reports 


551 Fifth Avenue, New York 17, N. Y. 


SPRAGUE & HENWOOD, Inc. 
SCRANTON &, PA. 
Diamond Drill Contractors and 
Manufacturers 


Core borings for testing mineral 
deposits in any part of the world 


B. B. R. DRILLING CO. 
National Road West 
St. Clairsville, Ohio 
Diamond Core Drilling 
Contractors 
Mineral Foundation 
Cores Guaranteed Testing 


ROBERT S. MAYO 
Civil Engineer Loncoster, Pa 
Specializing in Concrete Lining of 
Tunnels. Haulageways and Shotts. 
Special Equipment for Subaqueous 
Construction. 


H. L. TALBOT 
Consulting Metellurgical Engineer 


Extraction and Refining of Base Metols 
Specializing in Cobolt and Copper 


Room 330. 64 Stete Street 
Boston 9, Mens. 


CENTENNIAL DEVELOPMENT CO. 
Consulting Mining Engineers 
and Contractors 


Shaft Sinking — Tunnel Driving 
Mine Development 


Eureka, Utah Phone 560 


EAVENSON, AUCHMUTY & 
SUMMERS 
MINING ENGINEERS 
Mine Operation Consultants 
Coal Property Valuations 
2720 Keppers Bidg. Pittsburgh 19, Ps. 


R. S. MC CLINTOCK 
DIAMOND DRILL CO. 
Spokane, Wash. — Globe, Ariz. 
Diamond Core Drill Contractors 
Manufacturer of Diamond Bits and 
Drilling Accessories 


PAUL WEIR COMPANY 
Mining Engineers and Geologists 
Consultants and Managers 


Design and Construction 
20 No. Wacker Drive Chicago 6, Ill. 


JOHN F. MEISSNER ENGINEERS, INC. 
Consulting Engineers 


Conveyor Systems Storage Methods 
Crushing Plants Ship Loading Docks 
Materials Handling and 
Processing Plants 


508 W. Washington 61. Chicage 6, Ti. 


FAIRCHILD AERIAL SURVEYS, INC. 


Airborne Magnetometer & Gradiometer 
Surveys, Topographic Mapping, Aerial 
Photography, and Photographic Mosaics 
for Mining Exploration. 

224 11th St. Rockefeller Ploze 
Los Angeles New York 


J. B. MORROW 
COAL CONSULTANT 
Oliver Bidg. _—Pittsburgh, Pa. 


J. W. Woomer & ASSOCIATES 
Consulting Mining Engineers 
Modern Mining Systems and Designs 
Foreign and Domestic Mining Reports 
Henry W. Oliver Bidg., Pittsburgh, Pe. 


WORLD MINING CONSULTANTS, 
INC 
Consulting Mining Engineers 
and Geologists 
220 Broadway, New York 318, N Y 
Worth 2-2934 
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Coming Events 


May 11-18, Reeky Meuntain Petroleum Seec- 
tions, joint meeting, Gladstone Hotel, Cas- 
per, Wyo 


May 18-10, AIME, Central Appalachian Sec- 
tien, spring meeting, Martha Washington 
Inn, Abington, Va 


May 18, AIMEE, Colerade MBD Subsection, 
eonuel meeting with Pikes Peak Section, 
Broadmoor Hotel, Colorado Springs, Colo 


May AIME, Adirondack tour of 
Power and Seaway Projects, Massena, N. ¥ 


June 7, AIME, Utah Uraniam Subsection, 7:50 
p.m., Arches Cafe, Moab, Utah 


Jeane 16-23, Fifth Werld Power Conference, 
Vienna 


June 17-28, American Seeclety fer Testing 
Materials, annual meeting, Hotel Chal- 
fonte-Haddon Hall, Atlantic City, N. J. 


June AIME, Adirondack Section, Mine- 
ville, 


June AIME, Adirondack Section, Gou 
verneur, N.Y 


Aug. 19-24, Sixth International Symposiem 
on Combustion, Yale University, New 
Haven, Conn 


Aug. 24-25, National Council of State Boards 
of Engineering Examiners, Hotel Statler, 
Los Angeles 


Sept. 4-11, 20th International Geological Con- 
gress, Mexico City 


Sept. 26-28, AIME Recky Mountain Minerals 
Conference, Salt Lake City. Technical pa- 
pers will represent all branches, including 
the Petroleum Div 


Sept. |, Beetety of Exploration Gee- 
physicists, 26th 1 meeting, New Or- 
leans 


Oct. 1-4, American Mining Congress, Mining 
Show, Shrine Auditorium, Los Angeles 


Oct. 8-10, AIME, Institute of Metals Div., 
Carter Hotel, Cleveland 


Oct, 8-12, Union of Pan American Assns. of 
Engineers, fourth convention, Mexico City, 
Mexico 


Oct. 14-17, AIME, Petroleem Branch, Bilt- 
more Hotel, Los Angeles. 


Oct, 22-24, ASA, 38th annual meeting, Hotel 
Roosevelt, New York 


Oct, 1, Seelety of Exploration Gee- 
physicists, annual meeting, New Orleans. 


Nev, 1-5, Geological Seeciety of America, Min- 
neapolis 


Nev 8-10, AIME, Nertheastern 
Branch Conference, Hershey, Pa 
Valley Section host 


Mining 
Lehigh 


Dee. 5-7, AIME, Electric Furnace Steel Con- 
ference, Hotel Morrison, Chicago 


Feb. 24-28, 19657, AIME Annual Meeting. 
Roosevelt and Jung hotels, New Orleans 
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Allis-Chalmers Mfg. Co. 
Construction Machinery Div. 
Bert 8. Gittine Adv., Inc 
Allis-Chalmers Mfg. Co. 


Industrial Equipment Div. 
Compton Adv. Inc 


American Cyanamid Co. 
James J. McMahon, Inc 


American Manganese Steel Div. 
American Brake Shoe Co. 
Fuller & Smith & Ross, Inc. 


Anaconda Co., The 
Kenyon & Eckhardt, Inc. 


Armour & Co. 
Foote, Cone & Beiding 


Atlas Copco Aktiebolag (Sweden) 


Intam Limited 


Boyles Bros. Drilling Co. 
Adamson, Buchman & Associates 


Brunner & Lay, Inc. 
Norman P. Hewitt Adv. 


Bucyrus-Erie Co. 
Bert 8. Gittins Adv. 


Caterpillar Tractor Co. 
N. W. Ayer & Son. Inc 


Colorado Fuel & Iron Corp. 
Doyle, Kitchen & McCormick, Inc 


Colorado tron Works Co. 
Walter L. Schump, Adv. 


Deister Concentrator Co. 56! 
Louts B. Wade, Inc. 


473, 484, 490 


Denver Equipment Co. Third Cover 


Galen E. Broyles Co., Ine. 
Detroit Diesel Engine Div. 

Kudner Agency, Inc. 
DeZurik Shower Co. 

The Stockinger Co 


Diamond Products, Inc. 
Ritchie & Sattler, Inc 


Dorr-Oliver Inc. 
Sutherland-Abbott Adu 


Dow Chemical Co., The 
MacManus, John & Adama, Inc. 


Eimco Corp., The 457, 461, 464A.) 
Matsie Co. 


Flexible Steel Lacing Co. 
Kreicker & Meloan, Inc. 


Gardner-Denver Co. 
The Buchen Co. 


Hardinge Co., Inc. 
Adams Associates, Inc. 


Harnischteger Corp. 
Fuller & Smith & Ross, Inc. 


Hercules Powder Co. (Explosives) 
Fuller & Smith & Ross, Inc. 


Hough Co., The Frank G. 451 


Ervin R. Abramson Adv. 


Ingersoll-Rand Co. 
Marsteller, Rickard, Gebhardt & Reed Inc 


International Nickel Co., Inc. 474 
Marschalk & Pratt 


Jeffrey Mfg. Co. 
The Griswold-Eshieman Co. 


Joy Mfg. Co. 450 
W. 8. Walker Adv. Inc 


Kennedy-Van Saun Mfg. & Engrg. Corp. 455 
Rea, Fuller & Co., Inc 


Mayo Tunnel & Mine Equipment 
The Godfrey Agency 


Metal Carbides Corp. 
Meek and Thomas, Inc 


Michigan Chemical Corp. 


Wesley Aves & Associates 


Mine & Smelter Supply Co. 
Walter L. Schump, Adv. 


Mine Safety Appliances Co. Fourth Cover 
Ketchum, MacLeod & Grove, Inc. 


Nagle Pumps, Inc. 
Tri-State Adv. Co., Inc 


Naylor Pipe Co. 
Fred H. Ebersold, Inc 


New York Life Insurance Co. 


Compton Adv., Inc 


Nordberg Mfg. Co. 
Russell T. Gray, Inc 


Northern Blower Co. 553 
Carr Liggett Adv., Inc 


Osmose Wood Preserving Co. of 
America, Inc. 
The Pursell Co 


Pittsburgh Steel Co. 
Bond & Starr, Inc 


Rohm & Haas Co. 
Arndt, Preston, Chapin, Lamb 
& Keen, Inc 


Sanford-Day Iron Works 


Charles 8S. Kane Co 


486, 487 


452, 453 


Saverman Bros. Inc. 
Symonds, MacKenzie & Co 


Shetfield Steel Co. 


Potts « Woodbury, Inc 


Simplicity Engineering Co. 
Price, Tanner & Willox, Inc 


Smidth & Co., F. L. 
The Stuart Co. 


Spencer Chemical Co. 


Bruce B. Brewer & Co. 


Sprague & Henwood, Inc. 
Frederick B. Garrahan Adv. 


Stearns-Roger Mfg. Co. 
Gray & Co., Inc. 


Syntron Company 


Servad, Inc 


Texas Gulf Sulphur Co. 


Sanger-Funnell, Inc 


Texas Instruments Inc. 
Don L. Baxter, Inc 


Thor Power Tool Co. 


Roche, Williams & Cleary, Inc 


Traylor Engrg. & Mfg. Co. 
The William B. Kamp Co. 


Tyler Co., W. S. 
Western Machinery 
Boland Associates 


Wilfley & Sons, Inc., A. R. 
Ed M. Hunter & Co 


Wilkinson Rubber Linatex, Ltd. 478 
Greeniys Ltd 


Yuba Mfg. Co. 
Geo. C. McNutt Adv. 
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CAN SUPPLY 


MILL 


Crushers, Screens, Feeders, Ball-Rod 
\3 Mills, Classifiers, Jigs, Pumps, 
Samplers, Agitators, Condi- 
tioners, Flotation, Thicken- 
ers, Filters, Dryers, Ore 
Testing and Mill De- 


DENVER (patented) 
SUPER-AGITATOR 
AND CONDITIONER 


e Patented standpipe gives controlled re- 
circulation. 

e@ All feed passes through propeller zone 
for complete conditioning ... no short 
circuiting. 

e@ Recirculation prevents build-up of froth 
on surface. 

e No sanding in of propeller on shut- 
down. 

@ Sizes 3’ x 3’ to 20’ x 20’. 

For complete information, WRITE FOR 

BULLETIN NO. A2-B4. 


/ were's WHY DENVER “SUB-A” LEADS 


THE WORLD IN ECONOMIC METALLURGY 


FLOTATION EFFICIENCY cannot be based on any single fea- 
ture. Low tailings, clean concentrates, low horsepower, long 
part life, continuous operation, coarse feed, initial and oper- 
ating costs and space required must be balanced to produce 
the greatest NET PROFIT FOR YOU. 


Deco’s “know-how” in flotation engineering is unequaled. The 
Denver “Sub-A” can be adapted to meet milling conditions in- 
stead of adapting your plant to meet limitations of the machine. 
These features of mechanical flexibility which your mill man 
needs to gain ECONOMIC METALLURGY are illustrated in 
Deco Bulletin F10-B81—sent on request. 


Case histories of Denver “Sub-A” Flotation in problems similar 
to yours will be sent on request. Flotation tests and flow sheet 
design services are available. Consultation is without obliga- 
tion. Write today. Use our experience to help increase your 
FLOTATION PROFITS. 


firm that makes intends happier, healthier and wealthion” 


CO. 


1400 Seventeenth St. + Denver 17, Colorado 
DENVER + NEW YORK + CHICAGO +» VANCOUVER + TORONTO 


MEXICO, D. F. + LONDON + JOHANNESBURG 
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FAST, ECONOMICAL 
LAMPROOM OPERATION 


The miner serves himself! In seconds he has his lamp off the rack, on his 
belt, and is ready for his shift. And the same holds true when the shift is 


over. Add it up . . . Edison Self-Service pays off in maximum lamproom 
economy. 


ouble Filament Bulb 
ntinved, full light 


mt in t 
I's your proved pro- 
tection against lost 
time for the miner, 
and a short crew for 
the foreman. If one 
filament burns out, 
a turn of the switch 
restores continued, 
brilliant, full illumi- 
nation~ working 
light, not just emer- 


gency light! 


We will be happy to show you how Edison Self-Service can bring 
economy and efficiency to your lamproom. Write or call for details. 


MINE SAFETY APPLIANCES COMPANY 


201 North Braddock Avenve, Pittsburgh 8, Pa. 
At Your Service: 77 Branch Offices in the 
United States and Mexico 
MINE SAFETY APPLIANCES CO. OF CANADA, LTD. 
Toronto, Montreal, Calgary, Edmonton, 
Vancouver, Sydney, N.S. 


When you have a safety problem, M.S.A. is wi 
ot your service . . . our job is to help youl 


| 

— FOR 
means 
43, | 
SAFETY EQUIPMENT HEADQUARTERS 


